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PREFACE TO REVISED EDITIOK 


This book originally appeared in two volumes, 
'^The History and Rudiments of ARCHrmaruRE/’ 
and Rudiments of the Art of Building.” "Whai;- 
ever errors they may liave contained have been 
corrected in this Revised Edition,” and much new 
matter and many new engravings have been addea. 
The book is now uniform with ‘^The American 
Cottage Builder.” 

We have dealt freely with our authors — cor- 
recting where they mistook — extending where we 
thought they were not clear — curtailing where we 
imagined they were too profuse in their remarks — 
and rejecting those illustrations and allusions which 
possess no interest to the American reader. 

In the various departments, we have made free 
u:*e ofWEALE’s Series, copying from it such informa- 
tion as seemed appropriate and valuable, sometimes 
using the very words, and at others simply con- 
densing its information. 



PREFACE. 


It -was not without much hesitation that we re- 
tained the algebraic signs made use of in the book, 
especially in Section I. ; but those readere who dc 
not undei-stand them may safely omit them without 
losing the substance ol the work, while those to 
whom they are familiar will find them valuable. 

It must not be forgotten that the book on Archi- 
tecture is a “Kudimentary” Treatise, and all that it 
promises is to introduce the reader into the porch 
of the temple of Artistic Science, doubting not 
that he will be so pleased and instructed that he 
will go in the Temple, even to the sanctuin fsa>t<: 
torum — the holy of holies. 

The book on Building is edited from Dobson, and 
is intended as a “ First Book on the Art of Building, 
designed for the use of young persons who are about 
to commence their professional training for any 
pui-suit connected with the erection of Buildings; 
and also for the use of amateurs who wish to obtain 
a general knowledge of the subject without devoting 
to it the time requisite for the study of the largei 
works that have been written on the ditterein 
branches of construction.” 


JOHN BULLOCK, Mitw. 
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HISTORY 


AND 

RUDIMENTS OF ARCHITECTURE 


BOOK I. 

THE OEDEBS. 

In its arcMtectural meaning, tlie term order refers to 
tlie system of columniation practised hj tlie Greeks and 
Romans, and is employed to denote the columns and 
entablature together j in other words, both the upright 
supporting pillars arid the horizontal beams and roof, or 
traheation, supported by them. These two divisions, com- 
bined, constitute an Order ; and so far all Orders are alike, 
and might accordingly be reduced to a single one, although 
for convenience they are divided into jive leading classes 
or families, distinguished as the Doric, Tuscan, Ionic, 
Corinthian, and Composite. 

It would be a mistake to suppose that inasmuch as the 
Orders are divided into five classes, there is for each of 
them one fixed, uniform character ; for such a belief has 
led to a mechanical treatment of the respective Orders 
themselves* nothing being left for the Architect to do, so 
far as the Order which he employs is concerned, but 
merely to follow the example which he has selected ; in 
other words, merely to cofy^ instead of designing. 

Each leading class is distinct from the others, yet com- 
prises many varieties or species, which, however much they 
may differ with respect to minor considerations, all evi- 
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dently belong to one and the same style, which we call Order. 
We have now to consider their constituent parts, that is, 
those which apply to every order alike. Hitherto it has 
been usual with most writers, to treat of an Order as con- 
sisting of three principal parts or divisions, viz.^ pedestal, 
column, and entablature. The first of these, however, can- 
not by any mearis be regarded as an integral part of an 
Order. So far from being an essential, it is only an acd- 
dental one, — one, moreover, of Roman invention, and appli- 
cable only under particular circumstances. The pedestal 
no more belongs to an Order than an attic or podium placed 
above the entablature. In the idea of an Order we do not 
include what is extraneous to the Order itself; it makes no 
difference whether the columns stand immediately upon the 
ground or floor, or are raised above it. They almost invari- 
ably are so raised, because, were the columns to stand im- 
mediately upon the ground or a mere pavement, the effect 
would be comparatively mean and unsatisfactory ; the edifice 
would hardly seem to stand firmly, and, for want of apparent 
footing, would look as if it had sunk in the ground, or the 
soil had accumulated around it. With the view, therefore, 
of increasing height for the whole structure, and otherwise 
enhancing its effect, the Gireeks placed their temples upon a 
bold substructure, composed of gradini, or deep steps, or 
upon some sort of continuous stylobate; either of which modes 
is altogether different from, and affords no precedent for, the 
pedestal of modern writers. Essential as some form of sty- 
lobate is to the edifice itself, it does not properly belong to 
it, any more than that equally essential — ^in fact, more indis- 
pensable part — ^the roof. 

The pedestal being discarded as something apart from the 
Order itself, the latter is reduced to the two grand divisions 
of COLUMN and entablature, each of which is subdivided in- 
to three distinct parts or members, viz., the column, into 
base^ shafts and capital; the entablature, into architrave, 
frieze^ and carnice; so that the latter is to the entablature 
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wliat the capital is to the column, namely, its crowning mem- 
ber — that which completes it to the eye. Yet, although the 
above divisions of column and entablature hold good with re- 
gard to the general idea of an order, the primitive Greek or 
Doric one does not answer to what has just been said, inas- 
much as it has no base — that is, no mouldings which distinctly 
mark the foot of the column as a separate and ornamented 
member. Hence, it will, perhaps, be thought that this Order 
is not so complete as the others, since it wants that member 
below which corresponds with the capital above. Still, the 
Grecian Doric is complete in itself — ^it needs no base: in fact, 
does not admit of such addition, without forfeiting much of 
its present character, and thus becoming something different. 
Were there a distinct base, the mouldings composing it could 
not very well exceed what is now the lower diameter or ac- 
tual foot of the column; because, were it to do so, either the 
base would become too bulky, in proportion to the capital, 
or the latter must be increased, so as to make it correspond in 
size with the enlarged lower extremity. Even then, that 
closeness of i7iiercolummation{s^2.dmg of columns) which con- 
tributes so much to the majestic solidity that characterizes 
the genuine Doric, could not be observed: unless the columns 
were put considerably further apart, the bases would scarcely 
allow sufficient passage between them. The only way of 
escaping from these objections and difficulties, is by making 
the shaft of the column considerably more slender; so that 
what was before the measure of the lower diameter of the 
ihaft itself, becomes that of the base. That can be done — 
has been done — at least something like it; but the result is 
an attenuated Roman or Italian Doric, differing altogether 
In proportions from the original type, or order. The shaft 
no longer tapers visibly upwards, or, what is the same thing, 
expands below. 

Before we come to speak of the orders severally and more 
in detail, there are some matters which require to be noticed; 
one of which is the origin of the Greek system of coimnnation. 
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or the prototype upon which it was modelled. Following 
VitruTiuSj nearly all writers haye agreed to recognize in the 
columnar style of the ancients the primitive timber hut, as 
furnishing the first hints for, and rudiments of, it. Such 
theory, it must be admitted, is sufficiently plausible, if only 
because it can account very cleverly for many minor circum^ 
stances. Unfortunately, it does not account at all for, or 
rather is in strong contradiction to, the character of the 
earliest extant monuments of Greek architecture. Timber 
construction would have led to very different proportions, and 
different tastes. Had the prototype or model been of that 
material, slenderness and lightness, rather than ponderosity 
and solidity, would have been aimed at; and the progressive 
changes in the character of the Orders would have been re- 
versed, since the earliest of them all would also have been the 
lightest of them all. The principles of stone construction have 
so evidently dictated and determined the forms and propor- 
tions of the origmal Doric style, as to render the idea of its 
being fashioned upon a model in the other material little 
better than an absurd, though time-honored fiction. Infi- 
nitely more probable is it, that the Greeks derived their 
system of architecture from the Egyptians ; because, much 
as it differs from that of the latter people with regard to 
taste and matters of ornamentation, it partakes very largely 
of the same cmstitutional character. At any rate, th6 doc- 
trine of the timber origin applies as well to the Egyptian as 
to the Hellenic or Grecian style. Indeed, if there be any- 
thing at all that favors such doctrine, it is, that construction 
with blocks of stone would naturally have suggested square 
pillars, instead of round ones; the latter requiring much 
greater labor and skill to prepare them than the others. 
But, as their pyramids and obelisks sufficiently testify, the 
most prodigal expenditure of labor was not at all regarded 
by the Egyptians. That, it will perhaps be said, does not 
account for the adoption of the circular or cylindrical form 
for columns. We have therefore to look for some sufficiently 



OP ABGHITECTURE. 


li 


probaWe motiTe for tbe adoption of that form; and we tkinR 
we find it in conyenience. In order to afford due support 
to tlie massive blocks of stones placed upon them, tke 
columns were not only very bulky in proportion to tbeir 
length, blit were placed so closely together, not only in the 
fronts of porticos, but also within them, that they would 
scarcely hare left any open space. Such inconvenience wa? 
accordingly remedied by making the pillars round mstead of 
square. Should such conjectural reason for the adoption of 
circular columns be rejected, it is left to others to propound 
a more satisfactory one, or to abide, as many probably will 
do, by the old notion of columns being so shaped in order to 
imitate the stems of trees. It is enough that whatever 
accounts for the columns being round in Egyptian architec- 
ture, accounts also for their being the same in that of the 
Greeks. 

Among other fanciful notions entertained with regard to 
columns and their proportions, is that of the different orders 
of columns being proportioned in accordance with the human 
figure. Thus the Doric is said to represent a robust male 
figure, and those of the Ionic and Corinthian, female ones, 
— the Ionic, a matron; the Corinthian, a less portly speci- 
men of feminality. Xow, so far from there being any gen- 
eral similitude between a Grecian Doric column and a ro- 
bust man, their proportions are directly opposite, — the 
greater diameter of the column being at its foot, while that 
of the man is at his shoulders. The one tapers upwards, the 
other dr/wnwards. If the human figure and its proportions 
had been considered, columns w^ould, in conformity with such 
type, have been wider at the top of their shafts than below, 
and would have assumed the shape of a terminus of a mummy 
chesj:. With regard to the other orders mentioned, it is 
sufficient to observe, that if so borrowed at all, the idea 
must have been preposterous. We happen to have a weP 
known example of statues or human figures, and those, more- 
over, female ones, being substituted for columns beneath an 
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entablature; and so far are they from confirming the pre- 
tended analogy between the lonie column and the propor 
tions of a female, that they decidedly contradict it, those 
figures being greatly bulkier in their general mass than the 
bulkiest and stoutest columns of the Doric Order. At any 
ra te, one hypothesis might satisfy those who will not be sat- 
isfied without some fancy of the kind, because two together 
do not agree ; if columns originated in the imitation of stems 
of trees, we can dispense with the imitation of men and women, 
and vice versa. 

Some may think it scarcely worth while to notice such 
fancies, yet they are a part of architecture as generally taught 
and usually understood, at least, in this country. 

We do not pretend to explain and trace, step by step, the 
progress of the Doric Order, and of the column or system of 
the Greeks, from their first rudiments and formation. We 
have only the results of such progressive formation or devel- 
opement; of the actual formation itself we neither know nor 
can we know anything. The utmost that can now be done 
is to take the results themselves, and from them reason back- 
wards to causes and motives. Adopting such a course, we 
may jfirst observe, that there is a very striking and charac- 
teristic difference between Egyptian and Grecian taste and 
practice in one respect: in the former style the columns are 
invariably cylindrical, or nearly so, — in the other they are 
comcal, that is, taper upwards, and in some instances so much 
so, that were they prolonged to double their height, they 
would be almost perfect cones, and terminate like a spire. 
This tapering greatly exceeds that of the stems of trees, 
taking from their stem the trunk, from above which the 
branches begin to shoot out. It appears to have been adopted 
for purely artistic reasons, certainly not for the sake of any 
positive advantage, since the diminution of the shaft, and the 
great contraction of the diameter just below the capital, 
must; rather decrease than at all add to the strength of the 
column. 
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What then are the artistic qualities so obtained ? We 
reply, — Taiiety and contrast and the expression of strength 
without offensive heaviness. The sudden or very perceptible 
diminution of the shaft, — ^it must be borne in mind that onr 
remarks refer exclusively to the original Greek Style or 
Doric Order, — ^produces a double effect ; it gives the column 
an expression of greater stability than it otherwise would, 
combined with comparative lightness. What is diminutim 
upwards, is expansion downwards ; and similar difference 
and contrast take place with respect to the intercolumns, 
although in a reverse manner, such intercolumns being wider 
at top than at bottom. So far the principle of contrast here 
may be said to be two-fold, although one of the two sorts 
of contrast inevitably results from the other. Were it not 
for the great diminution of the shaft, the columns would 
appear to be too closely put together, and the intercolumns 
much too narrow — that is, according at least, to the mode of 
intercolumniation practised by the Greeks in most of thiir 
structures in the Doric Style ; whereas such offensive appear- 
ance was avoided by the shaft being made considerably 
smaller at the top than at the bottom,- consequently the 
intercolumns wider above than below, in the same ratio ; so 
that columns which at their bases were little more than one 
diameter apart, became more than two — that is, two upper 
diameter apart at the top of their shafts, or the neckings 
of their capitals. In this style everything was calculated to 
produce a character of majestic simplicity, — varying, how- 
ever, or rather progressing, from heaviness and stem severity 
to comparative lightness of proportions, — ^for examples diffei 
greatly in this respect: in some of the earlier ones the 
colunms are not more than four diameters in height, while in 
some of the later they are upwards of six, which last men- 
tioned proportions not only amount to slenderness, but also 
destroy others. The capital itself may be proportioned the 
same as before relatively to the diameter of the column, but 
it cannot possibly bear the same ratio as before to its height 

2 
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The average proportions for that member are one diameter 
for its width at its abacus, and half a diameter for its depth • 
consequently, if the entire column be only four diameters in 
height, the capital is one-eighth of it, or equal to one-seventh 
of the shaft ; whereas, if the column be sk or more diame- 
ters, the capital becomes only one-twelfth of the column, or 
even less, so that the latter appears thin and attenuated, and 
the other member too small and insignificant. Yet though 
the original G-reek Order or style exhibits considerable diver- 
sity with respect to mere proportions, it was otherwise very 
limited in its powers of expression, and moreover something 
quite distinct from the nominal Doric of the Romans and 
Italians, as will be evident when we compare the latter with it 
Before we enter upon this part of our subject, and pre- 
vious to an examination of the details of the several orders, 
it should be observed that the diameter, that is the lower 
diameter of the column, is the standard by which all the 
other parts and members of an order are measured. The 
diameter is divided into 60 minutes j or into two halves or 
modules of 30 minutes each ; and those minutes are again 
subdivided into parts or seconds when extreme accuracy of 
measurement is required ; which two last are noticed : i' 
10 », for instance, meaning four minutes and ten seconds. 
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DORIC ORDER. Cymatium 

Fillet r ^==- - 

It has been already K^ . — ::r 

observed, that in the coroxm 

genuine Doric the col- Mutuies ^ f, n"=y r 

unm consists of one shaft I ' i ‘ i 

and capital, which latter ^ I ' I ! 1 1 

is composed of merely 
an ecMnus and abacm,thQ Architrave 
first being a circular con- 
vex moulding, spreading Abacus r n 

out beneath the other Echinus = -j 

Amulets 

member, which, although 
a very important one, is 
no more than a plain 
and shallow square block 
upon which the archi- 
trave rests, not only firm- 
ly and safely, but so that 
the utmost expression of | 

security is obtained, and 
pronounced emphatically 
to the eye. Such expr^- 
sion arises from the aba- 
cus being larger than the 
soffit j or under surface of 
the architrave itself ; 
and as the former corres- 
ponds, or nearly so, with 
the lower diameter of 
the shaft, it serves to 
make evident at a glance 
that the foot of the col- 
umn is greater than the 
soffit of the architrave 

placed upon the columns. _ J 

m m^tsured at eitiier extremity, the ooluinn ia 
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greater tlian the depth or thickness of the architrave, 
and projects beyond the architrave and general plane of the 
entablatnure. Kow this would produce a most unsightly effect 
were the columns of the same or nearly the same diameter 
throughout. In such case they would appear not only toe 
large, but most clumsily so, and the entablature would have 
the look of being set back in the most awkward and most 
unaccountable manner. Instead of which, the architrave, 
and consequently the general plane of the whole entablature, 
actually overhangs the upper part of the whole shaft, in a 
plane about midway between the smallest diameter of the 
column, just below the capital and the face of the abacus. 
Even this, the overhanging of the entablature, would be not 
a little offensive to the eye, were the abacus no larger than 
the architrave is deep; whereas, being larger, it projects 
forward farther than the face of the architrave, thereby pro- 
ducing a powerM degree of one species of artistic effect, 
namely, contrast, — and if contrast, of variety also; for 
though there may be variety without contrast, there cannot 
be contrast without variety. Another circumstance to be 
considered is, that were not such projection beyond the face 
of the architrave given to the abacus, that and the rest of 
the capital could not correspond with the foot of the shaft, 
and thus equalize the two extremities of the entire column. 
As now managed, aU contradictions are reconciled, and the 
different sorts of contrast are made to contribute to and 
greatly enhance general harmony. In the outline of the 
column we perceive, first contraction, — then expansion, and 
that in both directions, — ^for in like manner as the column 
diminishes upwards and the capital expands from it, its 
shaft may be said to expand and increase in bulk down- 
wards, so as to agree with the abacus or upper extremity. 

The Doric column was generally fi%ted — that is, cut into a 
series of ridges upon its surfaces. The generally-received 
theory is, that this fluting represents cracks or crevices in 
the stems of trees, or from the streaking of rain on the shafts 
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of colmnns. It is nimecessarY to discuss tlie truth or falsity 
of that theory. It is sufficient that there are good artistic 
reasons why it should be so: with the samCj or very nearly 
the same solidity as before, it causes the columns to appear 
much less heavy than it otherwise would do, and contributes 
to a pleasing diversity of light and shade. Being upon a 
cmwed surface, the channels serve to render the circularity 
of the columns more apparent, since, though they are all 
of the same width, they show narrower and narrower to the 
eye on each side of the centre one, no matter in what direc- 
tion the column is viewed. Here, then, we have variety, 
combined with uniformity, and 'a certain apparent or optical 
irregnlaritj, with what we know to be perfect regularity. 

In the Doric Order the number of channels is either sixteen 
or twenty, afterwards increased in the other Orders to twenty- 
four, for they are invariably of an even number, capable of 
being divided by four, so that there shall always be a centre 
flute on each side of the column, that is, in a line with the 
middle of each side of the abacus. Doric flu tings are much 
broader and shallower than those of the other Orders, The 
mode of fluting Doric columns with mere arris^ between the 
channels, instead of fillets, has been retained by the moderns, 
as characteristic of the order. On the original Doric, almost 
every part is marked by breadth, or by flatness, or by sharp- 
ness. There are no curved mouldings or surfaces, except the 
aymatiubm of the comice or the ediinus of the capital, which 
last is generally kept exceedingly flat. All of the parts are in 
perfect keeping with the style. The horizontal, annular, nar- 
row channels, or incisions beneath the ejchinm of the capital, are 
probably merely for the sake of effect — of producing shadow, 
and increasing the proportions of the capital, to which they 
seem to beloi^. The lowermost groove may give the capi- 
tal the appearance of being a separate piece, merely joined 
on to the shaft, without such joining being concealed. It 
marks the commencement of the capital, the portion above it 
of the shaft being thereby converted into the hyjpetriiMmm 
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or necldng of the capital itself, which is thus enlarged in 
appearance, mthout having actually increased, and ren- 
dered unduly heavy. In some examples of the order, this 
groove is a mere Hne, and in others it is omitted altogether. 
The office of the mhimjbSj by expanding out, to connect the 
diminished upper end of the column with the overhanging 
abacus, and the former being circular, and the latter square, 
but adapted to each other in size, a beautiful combination is 
produced of a circle inscribed within a square; and the result 
is variety, contrast, and harmony. In its profile, or section^ 
by which latter term is understood the contour of any mould- 
ing, or other member, it is usually very flat — little more than 
a portion of a cone (turned downwards), with scarcely any 
perceptible degree of convexity, except just beneath the aba- 
cus, where it is suddenly rounded and diminished, so that the 
abacus does not seem to press upon or compress it too much. 

The ejpistylium, or architrave, is the first or lowest division 
of the entablature. It is no more than a plain surface, 
whose standard height, including the tcmia, or fillet, which 
finishes it, and separates it from the frieze, is equal to the 
upper diameter of the column. The middle division of the 
entablature is the frieze, which is a very characteristic feature 
of this Order, being invariably distinguished by its tryglyphs 
and metopes. The triglyphs are upright channelled blocks, 
affixed to, or projecting from, the frieze, and are supposed to 
have been originally intended to represent the ends of inner 
beams, laid upon the architrave transversely. The metopes, 
on the contrary, are not architectural members, but merely 
the intervals or spaces between the triglyphs; so that, with- 
out the latter, there could not be the others, because it is 
triglyphs which produce the metopes. With slight varia- 
tions in different examples, the frieze is about the same 
height as the architrave — trifle less, rather than more; 
and the average proportion for the breadth of the triglyphs 
is the mean diameter of the column, or that taken midway 
of file shaft. The ffice of the triglyph has two glyphs, oi 



OF ARCHITECTUEE. 


19 


cliaiiiiels, caryed upon it, and its edges beveled off into a 
half channel, thus making what is equal to a third glyph — 
whence the name trigljph, or ihrm-ckawridled. The fillet and 
gnttffi attached to the taenia of the architraTe immediately 
beneath each triglyph, and corresponding with it in width, 
belongs to the triglyph, althongh it shows itself upon the 
architraTe. These small conical guttge, or drops^ are snp- 
posed by some to represent drops of rain that have trickled 
down the channels of the triglyph, and settled beneath the 
ledge of the architrave. Others suppose them to have been 
intended to indicate the beads of nails, screws, or stnds. 
The artistic intention would seem to be to impart somewhat 
of decoration to the architrave, to break the monotony of the 
otherwise nnintermpted line of the tsenia, and to connect to 
the eye, at least, the architrave and Meze together. The 
architrave thns exhibits, in a fainter degree, the same system 
of placing ornamental members at regnlar distances from 
each other, as is so energetically pronounced in the frieze 
itself. 

One triglyph is placed over every column, and one or 
more intermediately over every inter-column (or space be- 
tween two columns), at such distance from each other, that 
the metopes are square; in other words, the height of the 
triglyph is the measure for the distance between it and the 
next one. In the best Greek examples of the Order, there 
Is only a single triglyph over each inter-column, which is the 
closest of all, the distance from axis to axis of the columns 
being limited to the space occupied above by two metopes 
and two triglyphs, i. e., one whole trygljph and two halves 
of triglyphs. The width of the inter-columns cannot be at 
all less than the proportion above mentioned; neither can it 
be increased without a ^eond trygljph — ^and if a second tri- 
glyph, a second metope also, over each inter-column thus 
augmenting the distsmee between the columns half as much 
^ain, which becomes, perhaps too much, the difference 
l^tw^n that and the other modes, iMng (X)naderahly more 
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than the diameter of the column; whereas, in the other 
Orders, the inter-columns may be made, at pleasure, e>.ther 
a little wider or narrower than usual. The end triglyphs 
of the Grecian Doric are placed quite up to the edge, or 
outer angle of the frieze. 

The Doric cornice is the last division of the entablature. 
It is about a third or even more than a third less than the 
others, and may itself be divided into three principal parts 
or members, viz., the corona, with the mutules and other hed 
movddings beneath it, and the cjputithMas above it, Tlie mu- 
tales are thin plates or shallow blocks attached to the under 
side or soffit of the corona, over each triglyph and each me- 
tope, with the former of which they correspond in breadth, 
and their soffits or under-surfaces are wrought with three 
rows of gibttac or drops, conical or otherwise shaped, each 
row consisting of six guttae, or the same number as those 
beneath each triglyph. Nothing can be more artistically 
disposed; in like manner, as a^i intermediate trigiyph is placed 
over every two columns, so is an intermediate mutale over 
every two triglyphs. The smaller members increase in num- 
ber as they decrease in size; and in the upper and finishing 
part of the Order, the eye is led on horizontally, instead of 
being confined vertically to the lines indicated by the columns 
below. The corona is merely a boldly projecting flat mem- 
ber, not greatly exceeding in its depth the abacus of the 
capital; and in some examples it is even less. The epitithe- 
tas, or uppermost member of the cornice, is sometimes a 
cymatium, or wavy mouldering, convex below and concave 
above; sometimes an echinus mouldering, similar in profile 
to the echinus of the capital. The cornice may be said to 
be to the entablature, and indeed to the whole Order, what 
the capital is to the column, — completing and concluding it 
in a very artistic manner. By its projection and the shadow 
which it casts, the cornice gives great spirit and relief to the 
entablature, which would else appear both heavy and unfin- 
ished. In the horizontal cornice beneath a pediment, the 
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epitithetas is omittfid, and shows itself only in the sloping, 
or racking cornices, as they are called, along the sides of the 
pediment. 

AntiB, — Pilasters, as well as columns, belong to an Order, 
and in modern practice are frequently substituted indiffer- 
ently for columns, where the latter would be engaged or at- 
tached to a wall. In Grecian architecture, however, the 
uTdiEj — as they are thus termed, to distinguish them from 
other pilasters, — are never employed. They are never placed 
consecutively, or in any series, but merely as a facing at the 
end of a projecting wall, as where a portico is enclosed at 
each end by the walls forming the sides of the structure, in 
which case it is described as a portico in antis. Although 
they accompany columns, and in the case just mentioned, 
range in the same line with them, antae differ from them in- 
asmuch as their shafts are not diminished; for which reason 
their faces are not made so wide as the diameter of the col- 
umns, neither are their capitals treated in the same manner, 
and both shaft and capital would be exceedingly clumsy. 
The expanding echinus of the column capital is therefore 
suppressed, and one or more very slightly projecting fad(B, 
the uppermost of which is frequently hollowed out below, so 
as to form in section what is called the “ bird’s nest” mould- 
ing. In a portico in antis the want of 
greater congruity between the antse and 
the columns is made up for by various con- 
trasts. Flatness of surface is opposed to ro- 
tundity, vertical lines to inclined ones (those 
of the outline and flutings, of the column) 
and uniformity, in regard to light, to the 
mingled play of light and shade on the shafts of the columns 

The Greeks never channelled the faces of their 
whereas the moderns flute their pilasters as well as columns. 
The artistic reason for such a distinction would seem to have 
been to prevent harshnesss and dryness of effect — ^all the 
lines being parallel to each other, while in the columns all 
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the imes approach each other towards the top and would 
meet if the coluDm were extended far enough. 

Pediment. — ^The pediment may properly be considered as 
no part of the Order, but it serves to illustrate how a figure 
which, considered merely in itself, is generally regarded as 
neither beautiful nor applicable to architectural purposes, 
may be rendered eminently beautiful and satisfactory to the 
eye. The pediment must, when it does appear, be in accord- 
ance with the order itself, or that front of the building which 
is beneath the pediment ; consequently the pitch of the latter 
must be regarded by circumstances, — ^must be either greater 
or less according to the proportions of the front itself. So 
far from being increased in the same ratio, the wfider the 
front, — the greater the number of columns at the end of the 
building, — ^the lower must the pediment be kept, because the 
front itself becomes of low ^oportions in the same degree as 
it is extended or widened. Under all circumstances, the 
height of the pediment must remain pretty nearly the same, 
and be determined, not by width or horizontal extent, but 
by the height of what is beneath it. The height of the 
pediment or it® tyTwpanwrrL (the triangular surface included 
between the horizontal cornice of the Order, and the two 
racking cornices of the pediment) never greatly exceeds the 
depth or height of the entablature ; for were it to do so, the 
pediment would become too large and heavy, would take off 
from the importance of the Order, and appear to load its 
entablature with an extraneous mass which it was never cal- 
culated to bear. It was a very usual practice among the 
andents to fill the whole of the tympanum of the pediment 
with sculpture, and also the metopes of the frieze, by which 
the latter mstead of being mere blank spaces between the 
triglyphs, were converted into ornamental features. 

MODERN DORIC. 

The Modem Doric resembles the original one in the mode 
of fluting the arrises instead of fillet — ^the general form of 
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capital composed of ecMnus and abacus, and tbe triglypbs 
mpott the frieze. The differences are : the column is increased 
from six to eight diameters. The sunk annulets beneath the 
capital were omitted or converted into fillets ; the capital 
was increased in depth by a distinct necking being given to 
it, divided from the shaft by a projecting moulding, which in 
that situation is called an astragal. The greatest change is 
the addition of a base to the column. The base best adapted ' 
to the Order, as being the most simple, though not uni- 
formly made use of, is that which consists merely of a toriu, 
or large circular and convex-sided block, and two shallow 
fillets above it. It may here further be noticed, that beside 
the base itself, or the base proper, the moderns have, for all 
the Orders alike, adapted an additional member, namely, 
a rather deep and square block, which, when so applied, is 
termed a plivih ; and beneath this is frequently placed another 
and deeper one called a suhplivili. 

Though greatly altered, not to say corrupted, from its 
primitive character, the Doric Order, as treated by the 
moderns, has been assimilated to the other Orders, — so much 
so as, though still differing from them in details, to belong 
to the same general style. One advantage, if no other, of 
which is, that it may, should occasion require, be used along 
with the other Orders ; whereas the original Doric is so ob- 
stinately inflexible that it cannot be made to combine with 
anything else, or to bend to modem purpose 
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TTrSCAN ORDER. 


Tliis Order is derifed . 

from tlie Doric. ISTo an- cavetto.^ "~~II 

thentic examples of it exist; it 
is known only from what Yi- Facia . j 

truYins says of it, foUowin^c 1 

. Abacus 1 

whose account, modern archi- ovoio i j 

tects have endeavored, not ' " 7 ^ 

fruitlessly, to make some thing ’ S f 

out of it. The shafts are not 
fluted and the frieze is quite 
plain. The Tuscan Order has 
been differently treated by dif- 
ferent Architects, some of them 
having given it what is merely 
a modification of the Doric cor- 
nice, YTithout its mutales. One 
thing which the modems have 
done, both in their Doric and 
their Tuscan, is to assimilate 
pilasters to columns, giving to 
the former precisely the same 
bases and capitals as the others 
have, and also generally dimia- 
ishiQg their shafts ia the same 
manner. The proportions usu- 
ally adopted for this order are 
as follows: — ^the height of the 
column seven diameters; that 
is, eonsidering the order as a 
kind of Boric, fourteen modu- 
les; and the entablature, three 

modules and a half. The entab- puj^^h 

lature may then be divided — JL 

into ten equal parts, three of which are to be appropriated 


Base. Shaft, Capital. Architrave. Frieze. Cornice. 
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for tlio iieiglit of tlie arcMtraye, three for the frieze, and 
the remaining four for the cornice. The- capital of the co- 
lumn has the height of one modtile, and the base has the 
same; so that the height of the shaft, inclnding the ring 
or fillet, which separates the shaft and capital, mnst be 
twelve modules. 
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IONIC ORDER. 


The capital is the indical 
mark of the Order, — that hv 
which the eye immediately re- 
cognizes and distinguishes it. 
The entire column is of quite 
a different character from the 
Doric. Besides having the 
addition of a base, the shaft is 
of more slender or taller pro- 
proportions, and consequent- 
ly much less visibly taper- 
ing ; for if it diminishes in the 
same degree as the Doric shaft 
does, — the Ionic being about 
two diameters longer, — the 
upper one would, in conse- 
quence of such tapering, be- 
come too small ; and a further 
consequence would be that the 
foot and base of the column 
would appear too large, — ^per- - 
haps clumsily so. It must be 
allowed that the swelling con- 
tours of the base are admirably 
in keeping, and harmonize 
with the play of curves in the 
volutes much better than it 
would were the shaft to stand 
immediately upon the floor or 
pavement without any base, as 
in the Doric Order. 

Concerning the origin and 
progress of the development of 
this order to perfection, our 



present limits will not permit us to speak. The number of 


Capital Arcliitrave Frieze Cornice 



OF ABCHITECTtJRE. 


n 

fillets is twenty-four. The Ionic capital is far more irregula? 
and complex than that of the Doric. 

Instead of showing, like the other, four equal sides, 
it exhibits two faces or fronts paraDel to the architrave 
above it, and two narrower lalwster sides, as they are 
termed, beneath the architrave. Some consider this 
irregularity a defect, which, if such it be, is to be got over 
only by either turning the volutes diagonally, as in some 
Roman and modem examples, or by curving concavely the 
faces of the capital, instead of making them planes, so as to 
obtain four equal faces or sides, as is done in the capitals of 
the inner Order of the Temple of Apollo at Bassae. At 
least that method and the other one of turning the volutes 
diagonally, are the only methods that have been practised 
for giving perfect regularity to the Ionic capital by means of 
four equal faces ; for, though difficult, it is possible to 
accomplish the same purpose differently, by making the aba- 
cus quite square, as in the Doric Order, and letting the 
volutes grow out of it on each side or face, their curvature 
commencing not at the upper horizontal edge, but descend- 
ing from the vertical edges of the abacus. The capitals 
could not be square without appearing of excessive bulk, 
and out of proportion with the other parts, and inconsistent 
with the delicacy aimed at in all respects. This arises from 
the great extent of the two iat voluted faces. It is objected 
agaiost the Ionic capital that in the end columns of a portico 
the form occasioned obvious, if not offensive irregularity, 
be(»use on the return side of the building the baluster side 
showed itself beneath the face of the architrave: yet even 
this was of little consequence if there was merely a smgle 
row of columns in front; but where the colonnade was con- 
tinued along the flanks of the building also, a very unsightly 
sort of irregularity was produced; for while all the other 
eolumns on those flanks showed the faces of them capitals, 
the end one would show its baluster side. To obviate this 
obj«3tl<Mi the volute was placed at the angle, diagonally, 
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SO as to obtain these two voluted surfaces placed immediately 
back to back. In the British Museum and some other 
modern edifices this objection is attempted to be obviated by- 
arranging the corner volutes as shown in Bigs. 4 and 5, in 
which / indicates the face or voluted side ^ 

of the capital, and h the baluster side. In 
an external angle, or the return of a por- 5 
tico, the faces and sides are arranged thus, 
so that Ihlh come opposite each other; 
but in an internal or re-entering angle, 
the reverse takes place ; for we have then 
this disposition of the faces and sides of the capitals, in 
which a voluted face comes opposite to the baluster side of 
the next capital, — a most unsightly irregularity, and an 

objection that would be far better got over t 7 

by making the column [^] into a square i I 

pillar, which would besides give strength, ^ 

or the expression of it, where such expres- 
sion is very desirable. The capital some- 
times has and sometimes has not a necking 
to it, which may be either plain or decorated. The capital 
is capable of infinite modifications in its proportion to the 
column, and as regards the size of the volutes compared 
with the width of the face. In the best Greek examples 
the volutes are much bolder and larger than in those of the 
Eoman and Italian, in some of which they are so greatly 
reduced in size, and become consequently so far apart from 
each other, as to be insignificant in themselves, and give the 
whole capital an expression of meanness and meagreness. 
The sjdrals forming the volute supply another source of 
variety, since they may be either single or manifold. In 
what is called the Ilissus Ionic capital there is only a single 
spiral, or hm, whose revolutions form the volute, which 
mode, indeed, prevails in all the Roman and modern Ionics; 
but in the capitals of the Temple of Erecthus, at Athens, 
there are, besides that principal spiral, either intermediate 
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ones wMch follow the course of its revolutions. Again, the 
catMuSj or eye of the volute, where the spiral or spirals ter- 
minate, admits of being made smaller or larger. It is, 
besides, sometimes flat, sometimes convex, and occasionally 
carved as a rosette. All these variations are independent of 
the general composition of the capital, and though not all 
equally good, they both suggest and authorize other modifi- 
cations of the Ionic type, and fresh combinations. 
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with many Roman and Modern Ionic capitals, it differs from 
them totally in every other respect. The base is peculiar on 
account of its great simplicity and its expansion, spreading 
out below to considerable more than the upper diameters of 
the shaft. This differs from the proper Ionic base, which 
is greatly contracted in its lower moulding. Another pecu- 
liarity of the Temple at Bassae is the mode in which the 
shafts are fluted ; the fillets are exceedingly narrow, and the 
channels shallow and very slightly curved, which gives the 
shaft altogether a different character from that attending 
the usual mode of fluting practiced for this Order. In 
Greek examples the baluster side of the column had a series 
of wide channels with broad fillets between them, and where 
great richness was affected, as in the Tonic of the Temple of 
Erechtheus, at Athens, the fillets had an additional mould- 
ing upon them, carved into heads. In the Asiatic examples, 
on the contrary, and Roman ones also, the baluster side is 
usually cut into the form of leaves, bound together, as it 
were, in the centre, by a broad grin. 

The base usually given to this order by the Greeks was 
the Attic one, consisting of two tori, divided by a scotia. 
The upper torus was sometimes fluted horizontally ; at others, 
cut to resemble an interlaced chain-rke ornament, now called 
a guilhchz. Modern architects, however, invariably leave 
the upper torus of the base quite plain. 

Ionic ANTiB. — ^Without exactly agreeing with that of the 
column, the base does not differ from it very materially, ex- 
cept, indeed, in the Ilisus example, where it is lower than 
the other, and consists only of a shallow scotia, with a chan- 
neled torus above it. In the Erechtheum example, it is dis- 
tinguished from the column-base chiefly by both the lower 
and upper torus being channeled. The capital, or, as it is 
more commonly termed, miorca/p^ on the contrary, is differ- 
ently shaped from that of the column, in consequence of hav- 
ing no volutes; wherefore, it is not by any means so wide, 
neither is it su deep. The mouldings, too, though of the 
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same character, art differently disposed. Still, the anta-cap 
corresponds with the capital as to plainness or enrichment, 
being either carved or not, as those of the latter happen to 
be ; and, if the capital has an ornamented necking, so also 
has the ant a. One singnlarity in the treatment of some an- 
tse is that of the face of the anta, a slight break having been 
made down the middle of it, which causes it to appear com- 
posed of two very narrow faces, pnt together side by side, 
but not exactly flush with each other. 

Ionic Entablature. — As expressed in the terms of the 
diameter of the column, that is, measured by it, the entabla- 
ture exceeds that of the Doric Order. In the Parthenon, 
the entire height of the entablature is not more than two 
diameters; while in both the Ionic and Erechthenm, it is two 
diameters and seventeen parts, or two-thirds of a diameter 
more; whereas, it would seem that the Ionic column, being 
much more slender, the entablature ought to be less than two 
diameters in height, instead of being more. And so it is, 
and less in a considerable degree: it is the height of the en- 
tablature; in other words, the height of the latter must be in 
proportion to that of the former. Xow, two and one-third 
diameters for the entablature is less in proportion to a column 
eight or nine diameters high. In the latter case, the entab- 
lature is equal to one-third of the column, and one-fourth of 
the whole order; but in the other two and one-third diame- 
ters, amount to only a fourth, or thereabouts, of the height 
of the eolunm, and, consequently, to only about a fifth of the 
entire Order. 

The Ionic Architrave does not differ materially from that 
of the Doric. Its avera^ or standard height is the upper 
diameter of the column. In the plainer examples of Ionic, 
such m the Ilissus one, the face of the architrave is quite 
plain, and distinguished from it only by the Doric tenia being 
converted into a moulding of a plain bead and small echinus, 
surmounted by a narrow tenia or broad fillet. In more de- 
corated examples, as that of the Er^theum, the face of the 
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architrave is divided into three surfaces or courses, called 
faaae^ which very slightly project beyond or over-hang each 
other, and the moulding between the architrave and frieze is 
increased in depth ; there is a greater number of mouldings, 
and some of them are enriched by being carved, or, as it is 
termed, cut. 

As to the Ionic frieze, triglyphs being discarded for it, and 
no other characteristic members substituted for them, it be- 
comes no more than a plain surface interposed between the 
architrave and cornice, unless, as is now never done, although 
it was, in all probability, generally done by the Ancients, it 
is enriched with figures in bas-relief, or other sculpture. 

The Ionic cornice affords but little scope for further obser- 
vation, more particularly in the Atheman examples, in which 
it consists of httle more than the coronu and cymatium above 
it, and some narrow hed-mouldi'ugs beneath the former mem- 
ber, partly got out of its hallowed soffit, or under-surface. 

If the frieze is to be left plain, the best way would be to 
reduce its height a little, and perhaps that of the architrave 
also, and enlarge the cornice by introducing dmtds into it. 
These dmtds consist of a series of narrow, upright blocks 
(supposed to represent the end of joists), placed closely 
together; so that the spaces between them, which are only 
about half as wide as the blocks themselves, appear to indent 
that portion of the cornice, which, when introduced without 
being so ornamented, is called an uncut dentd hand. 

The Temple of Jupiter at Aizani, in Asia Minor, exhibits 
a remarkable example of the Ionic order, the details of which 
were recently published, for the first time, by M. Texier In 
its general conformation, the base resembles the Priene 
example; but the entablature is quite different. The archi- 
trave is divided into three facise, separated by a cut mould- 
ing; and the upper faciae is surmounted by an exceedingly 
deep and highly enriched course of mouldings. The frieze, 
too, is placed upon it at intervals, somewhat after the manner 
of the triglyphs, and connected with scrolls. The cornice 
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has both dentels and modillions, and a narrow corona, but 
a deep cymatium, enriched with carving. 

^Notwithstanding the superiority of the Greek Ionic to the 
Roman, it has not been adopted by the French and Italian 
architects of the present day. In England, the Greek Ionic 
has been employed almost to the entire exclusion of the 
other. 


ROMAN AND MODERN IONIC. 

As treated by the Romans, the Ionic capital was not only 
greatly impoverished, but deformed also, — ^impoverished by 
the volutes being greatly reduced in size, and consequently 
in importance also, as characteristic marks of the order, — 
and deformed owing to the tasteless treatment of it in other 
respects. Instead of the gracefully-flowing festoon-h^m, or 
mouldings over the echinus, which seems to connect the two 
volutes, or sides of the face of the capital together, there is 
a straight line without any moulding to it; and the echinus, 
projecting before it, produces an appearance of clumsiness — 
of the several members not being properly adjusted to each 
other. As in all the Greek examples, the echinus of the 
capital, which passes behind the volutes, is invariably carved 
with that sort of pattern which workmen call “eggs and 
darts” — (ma, or egg-shaped ornaments, almost naturally 
resulting from the contour of the moulding before it is cut; 
and the echinus of the Ionic, being always so carved, is on 
that account distinguished by the name ovolo — ^not because 
its section, or profile, is any portion of an oval or elliptic 
curve ; for, among other things the Roman style differs from 
the Greek in having all its mouldings, both convex and con- 
cave, formed of portions of circles, by which its details 
become less elegant in contour. 

There are but three accredited examples of the Roman 
Ionic Order as a whole, viz: — ^the Theatre of Marcellas, the 
Temple of Fortuna Yirilis, and the Temple of Concord. Of 



u 


HISTORY AND RUDIMENTS 


the first of these, the capital is the simplest and plainest, and 
also the smallest in its proportions ; that of the second is by 
far the best, its volutes retaining most of the Greek charac- 
ter; and that of the third is remarkable, if not for its ugli- 
ness in other respects, for its volutes being turned outwards 
diagonally, so as to present four equal spaces, — a mode af- 
terwards re-inmnted and brought up as a novelty, by Sca- 
mozzi, in honor of whom it has since been distinguished by 
the name of the Scamozzi capital. There are in addition to 
these three examples numerous detached specimens of the 
Order in antique, concerning which our limits will not permit 
us to speak. The only other variety of, or mmntion for, the 
Ionic capital that we can notice is one that has been prac- 
ticed by Italian Architects, and which may be distinguished 
as the festoon or festooned capital, the volutes being turned 
diagonally, and a festoon being suspended from the eye of one 
volute to that of the other beneath each face. This not only 
gives variety and richness to the capital, but by increasing 
its volume or bulk, increases its importance also, and produces 
great play of light and shade; there is harmony together 
with diversity in the combination of forms, the curve of the 
festoon being, though dissimilar, in agreement with the out- 
line of the volutes. At present there is no proportion ob- 
served — that is with regard to decoration; for the same 
entablature or cornice at least is not equally adapted to large 
and small capitals. To obviate the meagreness and insig- 
nificance of the usual Italian Ionic capital, Sangovino and 
some others have frequently given it a necking, either plain 
or enriched, which even when plain, greatly improves the 
general appearance of the column by increasing the depth of 
the capital and reducing the height of the shaft. To make 
this clearer, without pretending at all to exactness, call the 
column nine diameters high, and the capital either half a 
diameter, or a whole one, accordingly as it is with or without 
a necking; now, in the fixst case, the capital will be to the 
shaft (base included) only as one to seiomtem^ whereas in the 
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other it becomes as one to eight, which is not at ah too 
much, while the other way the shaft is much too lanky, and 
the capital too low, — as is probably felt by those who cannot 
explain the cause of such disagreement and disproportion. 

Entablaturh — ^The Theatre of Marcellus seems to have 
been the entablature which has guided the Moderns in the 
composition of their entablature, although they have greatly 
diminished the proportions of the cornice, which is there 
nearly equal to both architrave and frieze together. In the 
Athenian Ionic we may set down the architrave, frieze, and 
cornice as about 50 — 50, and 35 minutes respectively, making 
altogether two diameters and fifteen minutes (2J diameters) ; 
therefore the cornice is to each of the other two divisions of 
the entablature only as 35 to 50. In the Homan Ionic, on 
the contrary, the cornice is by much the largest division; in 
the Fortuna Tirilis example, the measures are — architrave 
38', frieze 19', cornice TO'; in that of the Theatre of Mar- 
cellas 43' — 36' — 66', making the entire entablature 12T', or 
2 diameters T minutes. Although modern Architects vary 
from these proportions, and some of them, make the frieze 
equal to, or more than the architrave, they all agree — ^in 
doctrine, at least, if not in practice^ — in making the cornice 
the largest division of the entablature. Either dentels or 
larger plain blocks, placed rather wide apart from each other, 
are considered the proper characteristic marks of the Ionic 
cornice. 

The modems have frequently given this Order, by way of 
distinction, a convex frieze, technically termed a pulvinat^d 
one, from its fancied resemblance to a cushion 
whose slides sweU out by compression when sat upon. 
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COBINTHIAN OBDEBCymatmm % 


Corona 

The distinguisliing feat- 
Tire of this Oi'der is its 
deep and foliaged capital. 

The story usually related 
of the origin of the 
Corinthian capital is : 
the sculptor Calhcrates 
was so struck by the 
graceful forms into which 
the leaves of the acanthus 
plant had grown up around a 
tall basked covered by a square 
slab, that he sketched it, and 
conceived the idea of fashioning 
the capital after it. The fact 
is, the Corinthian Order does 
not appear to have been ever 
matured into a distinct style 
and complete system by the 
G-reeks There is, indeed, one 
solitary Athenian example of 
Corinthian, which exhibits the 
utmost refinement of exquisite 
richness attempered by exquisite 
delicacy. In the Lysicrates 
capital — as we will for conve- 
nience call it (the example 
alluded to being that of the 
monument of Lysicrates, other- 
wise called the Lantern of 
Demosthenes, at Athens) — 
foliation may be said to have 
attained its culminating point; 
rivalled, it may be, but hardly 
surpassed. Still, it must be confessed, as a whole, that 
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Order leaves miicli to be desired for it, there bemg nothing 
of corresponding beauty and luxuriance in the rest of it. 
The cornice, for instance, is only a simple dentelled Ionic 
one; nor are any of the mouldings of the entablature cur. 
There was, however, in that particular case, above the 
entablature, what fully counterbalances and carries out the 
idea and expression of the capitals, namely, the ornamental 
roofing, and the matchless finial which crowns the structure, 
and produces a full climax of beauty and grace. Charming 
as the original itself is, or, more correctly, was, it has been 
copied and altered more than any other structure — often in 
a bungling manner. 

The Corinthian Order may be thus described: the body 
of the capital is surrounded by two rows of leaves, eight in 
each row; besides which, there are four leaves, which, with 
the volutes over them, serve to support the four angles of 
the abacus Although the Order itself is the most delicate 
and lightest of the three, the capital is the largest, being 
considerably more than a diameter in height, — ^upon the 
average about a diameter and a quarter. This, however, 
will cause the reader no surprise, if he bears in mind what 
has before been said as to the proportion to be observed 
between the column and its capital. The taller the former is, 
the taller must the latter be also, and so, far bulkier; although, 
w hil e actually increasing in bulk, its tallness corrects the 
appearance of heaviness, by giving the ^proportion of slender- 
ness. A capital whose height is only half a diameter, is, 
of course, by no means positively so bulky as one which is 
upwards of an entire diameter in height, — ^whereas the other 
is much higher than it is wide. The abacus is differently 
shaped from what it is in either of the other four Orders. 
In the Doric it is, as we have seen, merely a thick, square 
slab fitting the echinus beneath it, and left perfectly plain. 
In the Ionic, it is square; but its sides are moulded, whether 
it is square or not. The Corinthian abacus, on tbe contrary , is 
not, properly speaking, a square: although it may be said to 
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be SO in its general form, inasmuch as it possesses squaremss^ 
having four equal sides. Instead of being straight, the sides 
of the abacus are concave in plan, being curved outwards, 
so as to produce a sharp point at each corner, which is 
accordingly cut off. Thus we find that the abacus here 
assumes a very different shape from its original one. The 
height of the capital varies from 60' to nearly half as much 
again. 

The proper Corinthian base differs from that of the usual 
Ionic or Attic, in having no smaller scotise, separated by two 
astragals; however, both kinds are employed indiscriminately, 
and the Attic is that which is generally used, except a greater 
degree of delicacy and ricnness than ordinary be required. 
As the shaft is fluted similarly to that of the Ionic column, 
viz., with twenty-four channels, there is nothing for notice or 
remark there, unless it be that the flutes are sometimes 
cabled, as it is called, that is, the channels are hollowed out 
for only about two-thirds of the upper part of the shaft, and 
the remainder cut, so that each channel has the appear- 
ance of being partly filled up by a round staff, or piece of 
rope, whence the term cabling. 

Entablature. — ^The architrave is generally divided into 
three facise (the lower one much narrower than the others, 
which is rather contrary to architectonic principle, the weaker 
r^mber bemg placed under heavier ones), with the mouldings 
between them, which, though frequently left plain, are prop- 
erly enriched in the best and most consistently finished-up 
examples. We pass over the frieze, that being merely a sin- 
gle surface, either plain or sculptured. The cornice is larger 
than in the other Orders, larger as to height, and, conse- 
quently, as to projection also; which increased height and 
projection, and, we may add, increased richness, are demanded 
by the greatly enlarged bulk of the capital, and its more ela- 
borate decoration. Examples vary so greatly, that we can 
give only approximating intsan and average proportions, 
which may be set down at 2 diameters 12 minutes for the 
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whole entablature, and 54', or something less than a diame- 
ter, for the cornice; but it is in many instances more, and, 
in others, as much less. As may be supposed from this 
greatly-increased depth of the cornice, it consists of a greater 
number of mouldings beneath the corona, for that and the 
cymatium over it invariably retain their places as the crown- 
ing members of the whole series of mouldings. To the den- 
tels of the Ionic cornice is added a row of Tnodillions^ imme- 
diately beneath and supporting the corona. These modli- 
lions are ornamented blocks, curved in their under surface, 
after the manner of the letter S turned thus, r/i] and between 
them and the dentels, and also below the latter, are other 
mouldings sometimes cut, at others, left plain. Sometimes a 
plain, uncut dentelrband is substituted for dentels; sometimes, 
in simpler cornices, that is omitted altogether, and plainer 
blocks are employed instead of modillions; or else both den- 
tels and modillions are omitted, as in the Temple of x4.ntoninns 
and Faustina, notwithstanding that it is considerably enriched 
— even the face of the corona being fluted. 
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COMPOSITE ORDER. 

This 0^’der is not con- Moduiions. q-^- 
sidered by some modern Denteia.^ ^^ jJ M=^^!^ 

writers as an Order. The vo- I 

lutes at the angles of the capi- v 

tal are expanded into the pro- 

portions of those in the Roman Volutes. 

Ionic capital. The Order is upper 
without doubt derived from the ^^Zl' \ ’ 

Ionic and Corinthian; it was i®a,ves,| 
first used by the Romans in * ||||[][j[l|||| 

their triumphal arches. The 
very dissimilar varieties to be 
met with, all belonging to one* I I 

and the same Order, show I 

plainly enough that the Archi- i || 

tects of antiquity considered |||||| 

themselves at liberty to design 1 I 

their own detail, and to treat j||j|^ 

an Order as a composition W 

marked out for them in its | I 

leading forms and general pro- |||||| 

portions, but which they might 
fashion nearly ad libitum in I 11 I 

other respects. Modern archi- j I I I 

tects are more apt to study j 

mere convenience, and violate I I 

architectural orthodoxy. Such I 

architecture may not be strictly 
classical ; but it does not follow | 1 

that hence they are not artistic I 

or beautiful. If our limits would I 

permit, we could instance hun- iylj [| 

deeds of examples of this Order, 
each of which might be some- raS f "" M 

what different from the other. ; and perhaps it might lead 
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the reader to the conclusion, that the Composite should be 
considered not as a separate Order, but as a modification 
of the Corinthian. 


COLUMNIATION. 

Columns and entablatures, in themselves, do not, properly 
speaking, constitute an Order, although they serve as speci- 
mens of it. They must enter into, and regulate the organiza- 
tion of a structure, before they can become, by composition, 
what is strictly termed an Order. As exhibited in their 
temples, the system of columniation practised by the ancients 
was strictly organic and natural. Instead of being something 
accessory, supplementary to, and independent of, the fabric, 
that might be either omitted or applied at pleasure, as 
commonly practised in Italian and modern composition, the 
Order itself constituted the exterior of the building, at least 
of that side or front of it where it was introduced, when it 
was not continued throughout; so that the Order and its 
dimensions, once established, and the mode of inter-columnia- 
tion determined, the edifice shaped itself. Before we enter 
upon the subject of inter-columniation, it wiU be desirable to 
explain the various forms of temples, and the technical terms 
by which they are distinguished. 

The naosj or cdLa, as it is more usually called, or temple 
itself, was comparatively*smaU, even where the entire mass 
was of considerable size, gradual extension of size being 
produced not so much by any great enlai^ement of the in- 
terior as by external columniation and its gradual develop- 
ment. It is probable that the earliest Greek temples con- 
sisted of the naos only, and were accordingly plain Astylak 
buildings, or without columns, except in front or at the 
entrance end, where an enclosed porch was formed by intro- 
ducing columns, by continuing the side walls, and placing 
columns between them in anth, that is, between the two 
oMtm or pilasters forming the ends of those walls. The next 
step seems to have been to advance the porch before the 
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main building, instead of keeping it recessed within the side 
walls, thereby converting in form a portico in antis into a 
frostyle, or projecting line of columns; thus a distyk in antis, 
or a portico consisting of two columns between antae, con- 
sequently of three mttroohmfis, or open spaces between the 
antae and columns, would become a tetrastyk, or projecting 
portico of four columns. By the other end of the building 
being similarly treated, the temple became am'pki^prostyk, or 
prostyle at both ends, in rear as well as in front, the sides 
still remaining astylar. The next and last style of advance- 
ment was to continue columniation all round, enclosing the 
cella within colonnades along its sides as well as at its ends, 
which disposition of plan is expressed by the terms peristyle 
or peristylar, and peripteral, which of necessity produces two 
columns and two intercolumns more in front; for what would 
otherwise be merely a tetrastyle prostyle, with four columns 
and three intercolumns, (the number of the latter being 
always one less than of the others,) becomes by the colon- 
nades being continued along the side, a hexastyle (six 
columns and five inter columns) ; or if originally a prostyle 
hexastyle, it would be rendered an octastyk, (eight columns 
and seven intercolumns,) and so on. It should be observed, 
too, that a building cannot at the same time be peristylar 
and have a prostyle portico, the latter being merged in the 
general columniation, instead of projecting from the rest of 
the edifice as a distinct feature. Of peristylar temples there 
were two sorts, viz. : those with a single row of columns on 
each side, and those which have two, which last are distin- 
guished by the term dipteral, i. c. having two wings or aisles 
on each side. Although it did not at all affect the general 
appearance, notwithstanding that it extended the plan by 
adding two more columns and intercolumns to tlie front, this 
last-mentioned mode was attended with greater richness of 
columniation, and the intercolumns contributed not a little 
to variety of effect and play of perspective; besides which, 
greater sheltered space was gained for ambulatories ; whereas 
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in tlie Tisnal simple peristyle, where the space between the 
outer columns and the walls of the cella was limited to the 
width of a single intercolumn, the side colonnades were mere 
narrow passages, very little wider — at least in Doric tern* 
pies — ^than the diameter of the columns themselves, conse- 
quently of very little actual service. In what is called the 
fseudo-difteral mode, more of clear space between the colon- 
nades was provided by omitting the inner columns, which 
mode reduced the plan to that of simple peristyle, the only 
difference being, that instead of the width of a single inter- 
column, a clear space, equal to two intercolumns and one 
column, was gained for the ambulatories. The Temple of 
Jupiter at Silenus was of this description, and being only 
octastyle in front, — the least possible width for a dipteral or 
pseudo-dipteral plan, — of the seven front intercolumns, for 
four {i, e., two on each side) were given to the lateral colon- 
nades, and only three left for the breadth of the cdh, which 
must have looked like a smaller edifice standing within a 
colonnaded and covered enclosure. 

The above few and simple arrangements of plan are nearly 
all the varieties that the Greek temple style offers j and some 
of them are little better than distinctions without differences, 
inasmuch as the differences do not affect general external 
appearance. Peripteral, dipteral and pseudo-dipteral, all 
agree in the main point, and the two latter answer to the 
name of peripteral as well as to the first, being merely modi- 
fications of it. Great as were its aesthetic beauties, Greek 
Architecture was — ^why should we scruple to confess it? — 
exceedingly limited in its compass and power of expression: 
what it did, it did admirably, but it confined itself too much 
to one idea. “ When you have seen one green field,” says 
Johnson, '^you have seen aU green fields;” and so we may 
say of Greek temples, — ^when you have seen one of them, 
you have seen aU of them. However they may differ from 
one another as to the treatment of the Order adopted for 
them, the number of their columns and mere particulars of 
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that kind, they resemble each other very nearly in all lead- 
ing points. Not only were their plans invariably parallelo- 
grams, but alike also to proportion, forming a double square, 
or being about twice as much in length as in breadth; for so 
exceedingly methodical was the Greek system, that the num- 
bers of columns on the flanks or sides of a peripteral temple 
was regulated and determined by the number of those in 
front. The number of those in front was invariably an even 
one, as otherwise there would be no middle intercolumn; but 
on the flanks of the edifice, where there was no entrance, 
the number of the intercolumns was an even, and that of 
the columns an uneven one, so that a column came in the cen- 
tre of these side elevations. 

As to the mode in which the front influenced the sides by 
determining the number of columns for them, the established 
rule seems to have been to give the flanks twice as many inter- 
columns as there were columns at each end: thus, the Parthe- 
non, which is octastyle, has dxtem intercolumns; consequently, 
seventeen columns on each flank. In like manner, a hexa- 
style temple would have twelve intercolumns, and thirteen 
columns on its sides. There are, however, exceptions; for 
instance, the temple at Selinus, which has been mentioned as 
an instance of the pseudo-dipteral mode of columniation in an 
octastyle, with sixteen, or just twice as many columns on its 
sides as in front; consequently, the intercolumns are only fif- 
teen, and being uneven in number, there is a middle one, as 
in the front itself. After all, the difference caused l)y there 
being an intercolumn more or less than usual, is but a very 
slight one, such as is to be ascertained only by counting the 
columns, and such as not to cause any perceptible difference 
in the general physiognomy of building. 

Besides the restriction as to general proportion of plan, 
namely, the fixed relationship between the length and the 
breadth of the building, proportion with regard to height 
was limited in a different way, and in such manner that 
the character of increased richness and importance derived 
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from a greater mimber of columns was attended not, indeed, 
by decreased beiglit, but by decreased loftvims^ or ^rcrpartional 
height, that is, height as measured by either breadth or 
length. Paradoxical as this may sound at first, nothing can 
be more plain when once explained. Discarding nicety in 
measurement, we will call a tetrastyle portico about a square 
in height — ^that is, about as high as wide; but add four more 
columns, extend it from a tetrastyle to an octastyle, so that 
it becomes about a double square in breadth, or twice as 
wide again, and the inevitable consequence is, that it is then 
only twice as wide as high; that is, as to proportion, only 
half as lofty as it was before. The expression of loftiness, in 
which altitude greatly predominates over breadth, was quite 
beyond the reach of the Greek system. Their temples might 
be planted on lofty eminences, but the structures themselves 
never towered upwards. As far as it went, their system 
was perfect — so complete, indeed, in itself as to be unfit for 
almost any other purposes than that for which it was ex- 
pressly framed. 

If the Pomans corrupted the Doric and Ionic, they devel- 
oped and matured the Corinthian Order, and also worked 
out a freer and more complex and comprehensive system of 
Architecture. To say nothing of their introduction and ap- 
plication of those important elements of both construction 
and design, the arch and vault, which hardly belong to a 
mere treatise on the Orders, it is to the Romans that we are 
indebted for varieties and combinations of plan that will be 
, sought for in vain among Grecian structurei?. Of the 
Romans it may be said, ^‘Mutant quadrata rotundisP 

Circular forms, and curves displaying themselves not only 
in elevation and section, but in plan; and while, among the 
Greeks, Architecture was confined almost exclusively to ex- 
ternal appearance and effect, in the hands of the Romans it 
was made to minister to internal display of the most enchant- 
ingly picturesque kind, as would be amply attested by the 
Pantheon alone. In that edifice, and Hadriaffs Mausoleum 
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(now barbarized into the Gastello di S. Angelo), the cyliii 
drical form was exhibited upon an imposing scale; in the 
temple at Tivoli, in far less dimensions, but with the most 
captivating taste; and again in the tomb of Cecilia Meletta, 
we have a fine example of an unbroken astylar circular mass. 

In such structures as the Colosseum and other Eoman 
amphitheatres, a different form of curvature, namely, the 
ellipses, was employed with admirable propriety and effect. 
In the interior, again, we find the hemicycle or concave 
semi-circular form, both frequently and variously applied by 
Romans in such edifices as their Baths, which afford many 
excellent studies for combination of ;plan. 

To enter into the system of Roman Architecture as the 
subject would require, would very far exceed our present 
limits and purpose ; much less can we pretend to treat here 
of the still more varied and complex Italian, or Modern 
European system, into which feirntration so largely enters, 
cohmniation being, more frequently than not, subordinate. 
Were we to touch upon the last mentioned style and its 
various elements, it could be only so superficially as to be 
more disappointing than instructive. Better that our reader 
should admire our forbearance, than complain of our unsat- 
isfactory jejuneness. We may, however, permit ourselves to 
throw out one or two general remarks ; the first of which is 
that it is a great error to confound^ with the Italian the two 
Ancient Classical styles, applying to them alike the epithet 
“ Grecian,^’ merely in contradistinction to Gothic, or Medi- 
eval Architecture. It is absurd to pretend to test by the 
Greek style, one so totally differently constructed as the 
Italian ; an error that could hardly have been fallen into 
but for the practice of applying the same names to very dif- 
ferent things. The term Order has quite a different mean- 
ing as applied to the original classical mode of the Art, 
from what it has in the other. In Italian composition, an 
Order is more frequently than not, mere decoration in the 
shape of columns and entablatures, fashioned smmdum artem. 
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(a very different tbiig from artistically,) so as to resemble 
in detaO, and certain conventional distinctions, those of the 
Ancients. Infinitely better would it have been, if, instead 
of allowing themselves to be misled by the pedantry of Vi- 
truvius, the Architects of the so-called Revival, who showed 
much happiness of invention in other respects, had treated 
the Orders freely; or perhaps still better, had they worked 
out ideas of their own for columns and entablatures, when- 
ever they had occasion for them, either as matters of neces- 
sity, or as mere decoration. Had Italians allowed them- 
selves greater latitude in that respect,' they would, in all 
probability, have been far less licentious upon the whole 
than they frequently were, and their buildings would have 
been more homogeneous — ^more of a piece. But they, for- 
sooth, be one of the Orders or all of them at once, and a 
great deal else in the bargain. Therefore the affecting to 
retain the Ancient Orders in their purity, served no other 
purpose than that of making aU the more evident how com- 
pletely their first intention and character had been lost 
sight of. 

The clinging with scrupulous punctilio to what had 
become dead-letter forms, after the system which they had 
produced had been abandoned, and exchanged for another 
and widely different one, was merely superstition and ped- 
antry. It might show acquaintance with traditional learn- 
ing and the writings of Vitruvius ; but it also showed dulness 
of aesthetic feeling, or, what is not much better, deficiency 
of aesthetic power. There was, however, one mode of apply- 
ing columns, which, although generally regarded as the most 
licentious and un-orthodox, nay, even preposterous, 
because quite contrary to all cla^ical practice and prece- 
dent, has at least one propriety, that of being rational, since 
columns there officiate as columns — as real support ; 
whereas in a great deal of Modern Architecture, that is 
admired for the correct taste it displays, columns and their 
entablatures, are mere expletives, instead of actual compo- 
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Dent parts of the fabric, and simulate a mode of construction 
neither required for nor practiced in the fabric itself. 

The particular mode here alluded to is that in which 
arches are not introduced together with columns, but 
the arches are not only introduced together with colums, but 
the arches and columns are so indissolubly, married together 
that they cannot be divorced, inasmuch as* the arches are 
supported by the columns themselves, the former springing 
immediately from the capitals of the latter. Such combi- 
nation, it might be supposed, would be gladly admitted as 
sufficiently legitimate, both because in accordance with 
rational architectonic principles, and because it greatly ex- 
tends the resources of the Art ; nevertheless such is the 
omnipotence of prejudice, that instead of being welcomed 
and adopted by us, it has been decried as a barbarism. As 
an irresistible and crushing argument against it, we are told 
that columns wer,e not originally intended to be so applied; 
— admirable logic, - truly 1 There are a great many other 
things besides columns which have in course of time come to 
be applied to uses not originally contemplated. In regard 
to that combination of columns and arches according to 
which the latter spring immediately from the others, and 
are supported by them, there are two questions : the first 
and practical one. Do the columns afford sufficient support? 
the second and aesthetic one is. Is there also sufficient 
appearance of support ; or is there anything contradictory 
to principle; to judgment and’ ^ood taste ? The first ques- 
tion needs no answer, since" it answers itself ; it being an 
indisputable fact that columns so employed do answer the 
purpose to which they are- turned: The other question is 
not so easily answered : the prejudiced will df course answer 
it according to their own contracted t'aste and narrow 
notions, condemning the mode alluded* to, without any 
inquiry into its merits and advantages, merely on the ground 
of its being quite at variance with the classical system of 
traleated columniation, that is, with columns supporting a 
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horizontal architrave and entablature^ or general horizontal 
trabeation. That bj the substitution of arches for archi- 
traveSy the character of the Greek system is forfeited, cannot 
be denied ; but then another character is established whose 
difference from the original one ought not to be made its 
condemnation To demand of a different mode that it 
should resemble and conform to the laws of that from which 
it differs, is absurdity in the extreme, for it is requiring at 
once that it shall be a different one and the sanle. To 
compare different styles is a very useful sort of study ; but 
to make any one style the criterion or standard by which 
others are to be judged, is preposterous. 

The style in which the arch and column enter into direct 
combination with each other, and for which there is no spe* 
cific name, has at all events some economical recommenda- 
tions, inasmuch as shorter columns, and fewer of them, are re- 
quired, than would be necessary for the same height and 
length according to the trabeated mode. In itself, too, it 
possesses much capability ; yet as is the case with every 
other style, the merit of the works produced in it depends 
upon the manner in which it is treated, and the talent 
brought to it. There is no style of the Art so poetical that 
the flattest prose may not be made out of it ; and hardly 
any so utterly prosaic as to be incapable of being kmdled 
into poetry by the Promethean torch of generality — artistic 
treatment, and con amort aesthetic feeling. 


INTERCOLUHXIATIOX. 

Although Intercolumniation consists only in regulating 
and determining the spaces between the columns, and con- 
sequently does not affect the nature of the composition, for a 
tetrastyle, hexastyle, &c., wmuld still be such, no matter how 
narrow or wide the inter cdumniaiiom or intervals between the 
columns may be, very much depends upon it with regard to 
expression and effect. How intercolumniation is regulated 

5 
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in the Doric Order, has already been explained: in that the 
distances between the columns is generally governed entirely 
by the triglyphs of the frieze, so that there can be no medium 
between monotrigly^hic and ditriglyphic in intercolumniation, 
accordingly as there is either one or two triglyphs over each 
intercolumn. But in the other orders there are no such re- 
strictions: in them the intercolumns may be made wider or 
narrower, as circumstances require, but, of course, under 
the guidance of judgment and good taste; fbr what is left 
(h discretion is not always very discreetly used. Yitruvius 
and his followers, however, have not cared to trust to discre- 
tion or indiscretion, but have fixed certain positive or distinct 
modes of intercolumniation, viz., five, to wit: 

Pycnostyle, or dosely set^ in which the intercolumns are 
one diameter and a quarter or a half in width. 

Systyle, in which they are two diameters wide. 

Eustyle, or wdl spaced, in which they are two diameters 
and a half. 

Dyastyle, in which they are three diameters. 

Araeostyle, or thinly set, in which they are four diameters. 

Let us repudiate for Architecture all such formal, Act of 
of Congress legislation, and take pycnostyle and mrostyle as 
the greatest allowable degree of distance or closeness at which 
the columns can be placed, and it follows, that between such 
maximum and minimum, any intermediate measure is admis- 
sible, and that there is no occasion to fix it positively and 
arithmetically, and make distinctions which are, after all, 
only arbitrary. There are a great many matters in design 
which must be left to the architect, and intercolumniation is 
one of them. It is impossible to have precise rules for every 
thing, neither is it desirable; for, if everything in it could be 
done by rule, Architecture would forfeit its nature as one of 
the fine arts, and be reduced to one of the mechanical. What 
'8 done by rule can be done just as well as by one as another. 

Excepting the terms pycnostyle and araeostyle, which are 
useful as expressing the greatest degree of closeness or of 
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openness of inter-colnianiation consistent witli well-propor- 
tioned arrangement, the others may be dispensed with. To 
designate one mode as mstykj par exceleTice, is Tery much like 
saying that the proportions assigned to it, viz., 2-30', or 2| 
diameters, are the very best, and all the rest comparatively 
defective; according to which doctrine, the mmotriglT/pkk 
mode of inter-columniation usually employed by the Greeks 
in their Doric temples, and which answers to the. character 
ot pycnostyle, is not so well-proportioned as what is emphati- 
cally called eustyle. Let it be whatever it may, as expressed 
in terms of the diameter of the columns, inter-columniation 
should always deserve the name of eustyle, or wdirpropor- 
tion&dj by being such as satisfies the eye, and contributes to 
the particular character that befits the occasion, and har- 
moniaes with the other proportions of the structure. Pyc- 
nostyle, or close spacing, carries with it the expression of 
both richness and strength, the solids, or columns, being 
very little less than the voids or inter-columns. Araeostyle, 
or wide spacing — and ditriglyphic Doric inter-columniation 
may be called such — ^produces an effect of openness and 
lightness, but also partakes of meagreness and weakness, 
owing to the want of sufficient apparent support for the 
entablature — a very frequent fault in modern architecture, 
where frugality as to columniation has often been allowed to 
produce a degree of poverty, which contrasts very disagree- 
ably with that of the decoration affected by the Order itself. 
Inter-columniation ought to be made to depend, in some 
measure, upon the nature of the composition: a tetrastyle 
portico, for instance, or a distyle in antis, admits of wider 
inter-columniation than would be suitable for an octrastyle; 
because pycnostyle, where there are only three inter-columns, 
would produce too great narrowness of general proportions 
for a portico. 

Hardly is there need for observing, that, be their propor- 
tions what they may, the inter-columns in a colonade or 
portico must be aU alike; nevertheless, in a Grecian Done 
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portico there is, as we have seeo, some difference, the two 
extreme inter-columns being there narrower by the width ot 
half a triglyph. There is, besides, another exception from 
the general principle ; for the centre inter-column of a portico 
was frequently made somewhat wider than the others, in 
order to mark the entrance, and the better to display and 
afford greater space for access to the door within. 

One mode of columniation and inter-columniation which 
remains to be spoken of, is that which has been sometimes 
practised by modern architects, and combines the two ex- 
tremes of pycnostyle, or still closer inter-columniation and 
araeostyle. This consists in coupling the columns, and mak- 
ing a wide inter-column between every pair of columns; so 
that, as regards the average proportion between solids and 
voids, that disposition does not differ from what it would be 
were the columns placed singly. 

Although denounced by some critics, more especially Alga- 
ratti, as altogether licentious and indefensible, and although 
it is not to be specially recommended or indeed practicable 
on every occasion, the coupling of columns may, under some 
circumstances, be not only excusable, but advisable and 
proper. As is the case with almost everything else in mat- 
ters of art, all depends upon how it is done, and whether 
with or without sufi&cient reason. That there is no classical 
authority for it, is no valid reason against it ; in the consti- 
tution of the ancient temples there was nothing to require or 
motivt it It may be conceded, however, that coupled 
columns, forming a prostyle surmounted by a pediment, are 
objectionable; because where so strong a resemblance to the 
antique model is preserved in other respects, a departure from 
it in regard to the disposition of the columns has a disturb- 
ing effect. 

Having gone through the Classical Orders, and explained 
their elements and constitution, we have performed as much 
as we purposed or as we promised. Within the same com- 
pass we might, no doubt, have touched upon a great deal 
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besides that to the study of Greek and Roman ArcHtecture, 
by restricting ourselves to bare matter-of-fact, and suppress- 
ing all comment, and so treating tke subject drily and super- 
ficially. Proceeding upon the principle muUim Mud mvlta^ 
we have aimed at nothing more than to initiate the reader in 
such a manner as to excite interest in the subject and stimu- 
late further inquiry. Should we have effected that, we shall 
have gained our purpose. Although the Orders have been 
classified according to the old division, the reader must re- 
member that it is not expected that he shaU be a plodder 
who works by rate and routine. Much, very much indeed, 
will have been learned by the reader, should he have learned, 
or have been put in the way of learning, to look upon those 
various compositions in the several Orders, not merely with 
eyes of a Builder or a Mechanic, but with the intuition and 
the feeling of an Artist; in short, to look upon them as 
general tyyes to be diligently studied, and then imitated with, 
congenial gusto 
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BOOK II. 


SKETCHES OP THE HISTORY AND DESCRIPTION OP THE STYI^BS OP 
ARCHITECTURE OP VARIOUS COUNTRIES, PROM THE EARLIEST TO THR 
PRESENT TIME. 

CHAPTER I. 

Architecture of various Countries, 

In an attempt to trace the origin of Architecture, with a 
view to a history of the Styles that prevailed in this and 
othex countries, it will be quite unnecessary to give any ac- 
count of the different kinds of tents, huts, and other timber 
erections used as the early habitations of mankind, resulting 
from the necessity of protection from the inclemency of the 
seasons, and which required little skill or knowledge of con- 
struction. Our purpose is to refer only to such ancient erec- 
tions of durable materials as evince a knowledge of some sys- 
tematic construction, or were the source from which pro- 
ceeded all that can properly be called Architecture. 

Ninevehf Babylon, and Eg-ypt. 

The first city that contained solid and durable edifices was 
Nineveh, the capital of the Assyrian empire and the residence 
of the Assyrian kings, founded by Asshur, the great-grandson 
of Noah.* Jonah speaks of it as an exceeding great city of 
three days^ journey :”f it is described by Strabo as larger 
than Babylon: the walls, according to Diodorus, were 100 
feet high, and so broad that three chariots might be driven on 
them abreast: upon the walls stood 1500 towers, each 200 feet 
in height; and the whole was so strong as to be deemed im- 
pregnable. That this city must have been one of great gran- 
deur at a very early period, there can be little doubt. It is 
mentioned as a place of great commercial importance, and 


♦ Genesis x. U. “ Out of that land went Asshur, and huilded Ninev^eh,'^ 
Chap. iii. 3. 
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its merchants as more than the stars of heaven.” Ninevei 
was taken by the Medes under Arbaces, in the eighth century 
B.C., when it was nearly destroyed; and quite so, when taken 
by Oyaxeres, 625 b.g. All that now remains on each side- 
of the Tigris of this once splendid city, has the appearance 
of a range of hills, from which large stones and bricks con- 
nected with bitumen, on which are inscriptions, are frequently 
dug up. 

The next city noted for its early origin was Babylon, 
founded by Nimrod, son of Cush, and grandson of Ham.* If 
is described by the ancient writers, Strabo and Quintus Our- 
tius, as a city of great strength and magnificence. So great 
was the circuit of its walls that there was pasture and arable 
land within them sufficient to support the whole population 
during a long siege. According to Herodotus, the walls 
were 50 cubits thick and 200 in height, built of bricks made 
from the earth which was dug out of the ditch that surrounded 
the city. In the walls were 100 gates made of brass, as 
well as the jambs and lintels. It has been said, that if there 
was a city which seemed to bid defiance to any predictions 
of its fall, that city was Babylon, for a long time the most 
famous city of the old world, whose walls were reckoned 
amongst its wonders. 

The ruins that have been discovered on each side of the 
Euphrates confirm the accounts which have descended to us 
of its splendor, although nothing now remains but lai^e mass- 
es of brick-work laid on lime mortar of good quality. On 
the eastern side, it is supposed, are the remains of the great 
temple of BeluSjf which, according to Diodorus, was higher 
than the largest pyramid. Among the ruins are to be found 
fragments of alabaster vessels, fine earthenware, marble, and ^ 
great quantities of varnished tiles, whose glazing and coloring 
are still fresh 


♦ Cknesis x. 10. “And the beginning of Ms Mngdom was Bat»l.” 
f The temple of Belns, as described by Herodotus, wa.« of a pyramidal form, riini- 
lar to the Hindoo temple bx Tanjore, and the gr€»t Mexitan tempi®. It was 
founded by Samiranais, 1650 B.C. 
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0.^’ wfiat date these are, it is impossible to conjecture, as 
so little information exists on this interesting subject. We 
are told .that in the time of Semiramis, Queen of Assyria, 
1665 B. c., an extensive and splendid palace existed on each 
side of the Euphrates, connected by a tunnel under the river, 
and likewise that a bridge was built by Nitocris to connect 
the two parts of the city divided by the Euphrates. The 
piers were of large hewn stones, in order to erect which the 
course of the river was diverted, and its bed left dry. 

The city was brought to its highest degree of perfection 
by Nebuchadnezzar, about the year 600 b. c.; but its splen- 
dor must have been of short duration, as about 60 years 
after the death of that monarch, and during the reign of 
Belshazzai', it was taken by Cyrus. From that time it 
gradually declined, and afterwards became a part of the 
great Persian monarchy. 

The Egyptian Thebes,* situated near the southern extrem- 
ity of that empire, is the most ancient city of whose buildings 
any remains exist at the present time. The period of its 
foundation ascends, probably, to the same antiquity as that 
of Nineveh and Babylon. It was the first seat of the 
Egyptian government, f which, at an early period, was 
transferred to Memphis, near the northern extremity of the 
empire. Prom this time, its importance declined; but the 
imperishable nature of the materials, and the immensity oi 
its masses, have preserved the buildings for more than three 
thousand years. Memphis, less fortunately situated, by 
being nearer the line of communication between Asia and 
Africa, has been more subject to the destructive caprices of 
man, and has disappeared from the face of the earth.* At 

* The most ancient name of Thehes is Pathros, and it was so oaUed from Path- 
ruism, son of Iilizraim and son of Ham. Mizraim was the first occupier of the 
country of Egypt. 

t The fij:st king mentioned is Menes, who is supposed to have lived 2000 B.O., and 
coatemporary with the era of the Chinese emperor Gao, with whom the historical 
period of China begins. 

♦ Egypt was conquered hy Carabyses, 626 years a. o. ; after which time it became 
a province of Persia. 
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present the site of the city of Thebes is occupied by four 
principal Tillages, — ^Luxor and Karnac on the eastern side, 
Gournah and Medinet-Abou on the western side of the 
river. The buildings and sculpture of this gigantic “city 
of a hundred gates,” stni extant, are the most ancient that 
exist in Egypt, and are the best and most genuine specimens 
of Egyptian art and architecture; for there is every reason 
to believe that by far the greater part were executed before 
Egypt had yet experienced the influence of the Greeks, and 
long before the Persian invasion. 

The ruins, chiefly consisting of temples, colossi, sphinxes, 
and obelisks, occupy nearly the whole extent of the valley 
of the Nile, a space of six miles from east to west. On the 
western side, where the mins of this vast city terminate, 
those of the “city of the dead” commence, among which 
there are tombs excavated in the rocks, and decorated with 
paintings — ^still as fresh as though the artistes hand had been 
engaged upon them but a few weeks past. 

The principal remains of Egyptian architecture (chiefly 
temples) are to be found on the banks of the Nile, and 
extend from Cairo to Nubia, a distance of 500 miles. The 
peculiarity observable in all, is the great sublimity of the 
masses, the grandeur and severity of every line, by which 
their buildings bear the stamp of that sentiment of etema! 
duration which they were always so anxious to realize in 
their monuments. 

At a very early period the Egyptians were extremely 
skilful in working stone, an art in which they have never 
been surpassed. The large blocks of stone of which their 
temples are composed are well squared, and so laid that the 
joints are scarcely visible. 

The most interesting and complete temple in the whole 
valley of the Nile is that of Edfou, about 25 miles above 
Thebes. This great and magnificent temple is one of the 
largest in Egypt, and is in comparatively good preservation. 
Its form is rectangular, and its general dimensions 450 feet 
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by 140 feet. In the centre of one of the sides is the entrance 
between two sloping towers, 100 feet in length by 32 feet in 
width, on the surface of which are represented some colossal 
figures; and above these are two rows of smaller ones, sup- 
posed to be the divinities of the temple, receiving the offer- 
ings of the Ptolemies. Within is a court, surrounded by a 
colonnade on three sides, and on the side facing the entrance 
is a beautiful pronaos or portico, of eighteen columns: beyond 
this is another of smaller dimensions ; and further on are the 
walls which protect the sanctuary and its dependencies: these 
are so completely filled up with sand and soil, that it is nearly 
impossible to reach them. All the columns, friezes, and cor- 
nices, and the whole surfaces of the walls, inside as well as 
out, both of the pronaos and court, are covered with symboli- 
cal sculptures, hieroglyphical inscriptions, and representations 
of offerings to their divinities. 

Of all the works of the ancient Egyptians, those which have 
caused the greatest wonder to the world at large are the 
Pyramids of Gizeh, supposed by Sir Gardner Wilkinson to 
have been erected 2120 years b.c.* Herodotus dates the 
Great Pyramid about 900 years b.c., or about 450 years 
before he visited Egypt. Chevalier Bunsen places them 
about 2000 years before that period; and this is confirmed 
by the opinions of Champollion and Rosellini. 

The Great Pyramid, said to have been built by Cheops, f is 
too feet square at the base, and 4t0 feet in height; the second 
is 650 feet square, and 160 feet in height; the third, 400 feei 
square, and 160 feet in height. About 300 paces from the 
second pyramid stands the gigantic statue of the Sphinx, 
whose length, from the forepart to the tail, has been found to 
be 125 feet. Belzoni cleared away the sahd, and found a 
temple between its legs, and another in one of its paws. 

The mechanical skill of the Egyptians is shown in their 
quarrying and working stone; and the means that must ha\ h 


* And attributed by him to Suphis and Ren-supbis, 
f The other two by Cephrenes and Mycerinus. 
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been nied to convey such immense blocks of stone as we find 
in tbeir works, from quarries situated at a distance from them, 
naturally surprise us. 

The obelisks of Thebes and Heliopolis vary in size from ^0 
to 93 feet in length,* and are built of one stone. The largest 
in Egypt, which is at the great temple at Karnac, is calculated 
to weigh 297 tons, and was brought about 138 miles from 
the quarry. Those at Heliopolis passed ov^r a space of 800 
miles. 

The two colossal statues in a sitting attitude (one of which 
is the vocal Memnon), are each of a single block, 47 feet in 
height, and contain 11,500 cubic feet: they are carved fron 
stone not known within several days^ journey from the place 
where the statues are found; and at Memnonium is a colossal 
statue, which, when entire, weighed 887 tons. The raising 
of the obelisks is considered a far greater test of mechanical 
skill than the transport of these prodigious weights; but into 
the mode that was adopted we have no insight from any re- 
presentations yet discovered. 

Of the taste, style, and character of Egyptian Architecture, 
little can be said beyond admiration at the immensity of the 
works, and the patience with which they must have been 
accomplished. 

The masses of material which the country produced 
measured their efforts and conceptions, and their inven- 
tion was exhausted by a very restricted number of combi- 
nations. 

Their monuments are admirable for grandeur and solidity, 
and they have a truly imposing effect; but we can only con- 
sider them as part of the history of Architecture and Art, 
because the ornaments and sculpture, originating from a sym- 
bolical religion peculiar to the Egyptians, admit of no revival, 
even were art more immediately connected with them. 

The columns are evidently a representation of a bundle 
of reeds or lotus-stems, tied together at the top and base, the 


• &■ Wilkinson^a “ Manners and Oastoms o' the Ancient I^ypMans.’ 
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leaves of which, as well as those of the palm, are chiefly used 
m ornamenting the capitals. 


CHAPTER II. 

Grecian Architecture, 

Architecture and Art have been always progressive, and 
have not appeared at once in full perfection ; yet, in our ad- 
miration of their perfection, we do not always consider the 
history of their progression, or the sources from whence they 
sprang. No style, with the exception of the Egyptian, was 
the spontaneous growth of the soil on which it flourished, or 
proceeded directly from the nations that practised it; the 
the germs of all other styles were borrowed from people 
whose habits and religious customs were totally dissimilar; 
and its advances or improvements were the natural results 
of civilization, caused by intercourse with other nations in 
times of peace, or by the adoption of all that was worthy 
of mutation in conquered states, during the incessant wars 
that were carried on in the eastern parts of the world. 

Thus was it with the much-admired Architecture and Arts 
of Greece and R ome, so that centuries elapsed ere any thing 
worthy of those terms was to be found in either empire. 

Greece was divided into a number of petty states, which, in- 
dependent of each other, and, therefore, necessarily rivals, sur- 
rounded themselves, as a means of protection, with thick walls, 
long before they had learned the art of building temples, and 
when their huts or houses were of the rudest character. The 
first erections were their acropoles, invariably situated on 
eminences which were converted into citadels, and served for 
places of security when the population became too numerous 
to remain in them, and had spread themselves over the sur- 
rounding plains. The acropoles usually contained all things 
of the greatest value to the community, such as the public 
treasures, the archives, and the temples of the tutelary 
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divinities; indeed, tKey were to the Greeks what the capitol 
was to the Romans. 

The oldest remains of walls and acropoles exist at Tiryns, 
or Tyrinthus, and Mycense, near Argns, in the If orea, and are 
said to have been built by the Cyclopes, a tribe which is sup- 
posed to have arrived from Thrace or Phoenicia, and settled 
in Asia Minor. The date of the masonry is supposed to be 
coeval with the time of Abraham, who arrived in Canaan b . c. 
1 9 1 T . * Sir William Gell makes the date of the buildings b. c, 
1 3 1 9. All that at present exists of Tiryns consists of portions 
of the walls of the acropolis, which are from 21 to 25 feet in 
thickness, and 45 feet in height, built of tremendous blocks 
of stone, from 10 to 13 feet long, and 4 feet 4 inches thick. In 
the thickness of these walls are two ranges of galleries, each 5 
feet broad and about 12 feet high: the shape of these passages 
is triangular, the sides sloping upward until they meet. This 
form was obtained by making the horizontal courses of mason- 
ry project one beyond the other, the edge of each course being 
splayed off so as to give, from the interior, very much the 
apppearance of a kind of arch having been constructed. They 
probably conducted round the whole of the citadel, and were 
used as shelters for the garrison during the night or bad 
weather- Mr. W oodsf says, that no tool seems to have been 
applied to the stone, but that the rude masses are merely 
heaped on one another, taking care in the position of each suc- 
cessive block to place it where it would most exactly fit into- 
the work, and most probably keeping the smoothest side out- 
wards to form the face of the work. The workmanship 
of these walls is nothing more than that of the modem fencing 
without mortar, the interstices between the larger stones being 
filled up with others of smaller size, unworked, and merely 
heaped on one another. Pausanias informs us, that when the 
Argives attempted to destroy Tiryns, the walls were so strong 
that they could not throw them down: he also describes them 

♦ Fostiroke, 

t “ Letters on Architecture,” 2 vois, 4to. 

6 
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♦■'0 be equally worthy of admiration with the Pyramids of 

Egypt.f 

The next city connected with Greece that demands our 
notice, on account of its early fortifications and acropolis, 
of which parts exist at the present time, is Mycense, neai 
Argos, likewise built by the Cyclopes, or by Mycenmus, 
B. c. nOO, and considerably enlarged by Perseus about 
B. c. 1390. The walls of this city, like those of Tiryns, are 
in some places built of rough stones, from 8 to 9 feet in 
length: when entire, they must have been 60 feet high, 
although at present, in the most perfect part, their height is 
only 43 feet. The general thickness is 21 feet, but in some 
places 25 feet, and they are mostly constructed of well- 
jointed polygonal stone. Some remains of towers are dis- 
cernible. 

“The Gate of the Lions” owes its celebrity to the basso- 
relievo by which it is surmounted, the subject of which is 
two lions, with their fore-paws resting on a pedestal: from 
this the gateway takes its name. This sculpture (on a 
triangular stone over the architrave) is the most ancient 
specimen of this kind of Grecian art; it is 10 feet 6 inches 
wide at the base, and 9 feet in height: between the lions is 
a semi-circular pillar, bearing some resemblance to the Doric 
Order, although, contrary to the general usage, it increases 
in size from the bottom to the top. The date of this sculp- 
ture is supposed by some to be nearly coeval with the other 
part. Pausanias mentions, that in his day it was reported 
to be the work of the Cyclopes: however this may be, there 
can be little doubt but that it is the oldest specimen of Gre- 
cian sculpture now existing. The architrave over this gate 
is of one stone, 15 feet long, and 4 feet 4 inches in height, 
and in it are visible sockets of about 3 inches in diameter, 
which received the pivots upon which the gates turned. 


f Sir William GeU states, that on the centre of the architrave of the gates are 
holes, which leads him to suppose that the gates were hung j&rom large central 
pivots, so that one side opened inwards, while the others advanced. 
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We may /lere mention a subterranean building at Mycen^^ 
known as the Treasury of Atreus, the father of Agamemnon:* 
the principal chamber is of a circular form, 48 feet in diam- 
eter, and about 49 feet in height. The coYering of this 
building has the appearance of the inside of a dome, which 
has led some authors to suppose that the arch was known 
in Greece at a very early period ; but it is now ascertained 
that the principle of the arch does not exist in it, as th( 
construction is the same as in the arched passages at Tiryns 
the courses are horizontal, each projecting beyond the other 
with the lower angles cut away until they meet at the apex, 
which consists of one very large stone. Beyond this is a 
vault or inner chamber, in the walls of which, as well as 
those of the larger chamber, are a number of bronze naOs, 
which in all probability were used to fasten plate of metal 
to the walls ; a custom doubtless resorted to on some 
occasions, as we read of “ brazen chambers” and “ bra- 
zen temples.”f The . courses of stone in this build- 

* Atrens came to the tlironc of Ai^os &27 b. c. 

f There are other instances of snhterraneous chambers being lined with thin 
plates of metal ; that at Argos, in which Acrisius conined his daughter, was prob 
ablj similar to those of the adjacent riTal city. — Vide Donald^n's • Description of 
the Subterraneau Chamber at Mycenae.’ 
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ing are regular, 
although of un- 
equal size, and 
laid without ce- 
ment : the lintel 
of the door is of 
one piece of 
stone, of about 
37 feet long, 17 
feet wide, and 
3 feet 9 inches 
thick, and is 
calculated to 
weigh about 133 
tons ; a mass of 
stone to which 
none can be 
compared, ex- 
cepting those 
used in Egypt.* 
Notwithstand- 
ing the magni- 
tude of these 
works, the sci- 
ence of Mechan- 
ics was in its in- 
fancy, and the 



* Mr Donaldson states that “ there are numerous buildings and excavations 
in Egypt, Siciljf. and Italy, constructed in a manner similar to this subterraneoun 
chamber. In the Memnonium at Thebes is an oblong chamber, covered by a semi 
circular vaulting, the stones of which have horizontal courses projecting beyond 
each other as they advance in height, so as to produce that curvilinear form. 
Near Noto in Sicily, in the district of Falconara, on the road from Mititello to Yizzi: 
also in Sardinia, where these chambers are known by the name of Norages ; and at 
Tusculum, near Rome, the same construction exists ; but in none of these do we 
possess such correct dates as Pausanias and history itself furnish of those of 
Orcomenus and Mycenae.” — ^Vide supplementary volume to the ‘Antiquities of 
Athens.' 
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Greeks bestowed but little attention on tkeir private bouses: 
all the splendor and magnificence of art was reserved for tbe 
embellishment of their temples and other public buildings.'*' 
The most splendid period of the Grecian history was be- 
tween the sixth and fourth centuries before the Christian 
era, during the time of the wars that were carried on be- 
tween the Persians and the principal states of Greece, and 
to which the greatest prosperity of the Athenians may he 
attributed: literature was cultivated, and the arts of archi- 
tecture and sculpture, which were employed to ornament the 
city, w'ere carried to a degree of excellence that has never 
been surpassed. Greece was conquered by the Romans 146 
B. c., and became a Roman province, although Athens and 
Delphi were declared as free towns. Its history from this 
period is without interest to us in our inquiry mto the pro- 
gress of art.f It was overrun by the Goths in 261 a. d.,. 
and again in 398 a. d. under Alaric; and after being occu- 
pied by the Crusaders and Tenetians, at last fell into the 
power of the Turks, on the conquest of Constantinople.^ 


CHAPTER m. 

Romayi Architecture, 

The Architecture of the Romans can scarcely be said to 
be original ; it was unquestionably borrowed from the 
Etruscans. Etruria, a city of Italy now called Tuscany, is 
supposed to have been a colony of Greece. This opinion has 
been formed by the great solidity of the walls that surr ound 
their cities, consisting of enormous blocks of stone, similar 

* One remark may not be out of place here, -wbicb wiU explain the mode of 
deciding on the date of the temples, viz., that in the earliest the diameter of th« 
cnh nans was greater in proportion, to their height, and the intercolamniations 
were less, than those of a later period. 

t See page 265 for farther descriptions of Grecian ArcMtectrare. 

5: The cloacffi, or sewers, which extended under the whole of Rome, were a work 
on which time and expense were not spared; they were of wrought stone, and la 
height and breadth were so considerable that a cart loaded with hay could pass 
through them 
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to the masonry of the Cyclopes^ and said to be coeval with 
the walls of Tiryiis, Mycenae, and other works of a very early 
age. The instruction in the art of building that the Romans 
received from the Etruscans was not probably before the 
time of the Tar quins, 540 b. c., when their edifices began 
to be constructed on fixed principles. The first Tarquin, 
who was a native of Etruria, did much towards the improve- 
ment of Rome, and brought from his native country a taste 
for that grandeur and solidity which prevailed in the Etrus- 
can works. Under his reign the city was fortified, and the 
walls built of hewn stone. The reign of the second Tarquin 
was distinguised by the erection of temples, schools for both 
sexes, and halls for the administration of justice : this was 
about 508 b. c. : but to Tarquinius Superbus, the seventh 
and last king, Rome was indebted for its greatest improve- 
ments ; he continued the building of the temple of Jupiter 
Capitolinus, finished the Circus and other public buildings, 
and made a regular drainage of the city to the Tiber.* 

It will be impossible to trace the Architecture of the 
Romans through its various stages between the time of the 
last king, 508 b. c., and the subjugation of Greece by that 
people in 145 b. c., a period of 863 years. The disputes 
in which they were continually engaged left little leisure for 
the arts of peace. During the time that Appius Claudius 
was Censor, about 309 b. c., the earliest paved road was 
made by the Romans ; it was first carried to Capua, and 
afterwards continued a length altogether of 350 miles : it 
was paved with the hardest stone, and it remains entire at 
the present day. To Appius Claudius belongs the honor of 
raising the first aqueduct : the water with which it supplied 
the city was collected from the neighborhood of Frascati, 
about 100 feet above the level of Rome. 

The materials for carrying on a continuous investigation 

* We have been compelled to go into the general history of the nations in which 
Architecture has originated, as it is nearly impossible to give the history of one 
without the other An improvement in art has invariably been caused by soiui 
great change in the policy or religion of nations. 
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of the styles of the Roman buildings are so scanty, that we 
will not detain the reader with useless speculations, hut at 
once proceed to that period when Greece was reduced to a 
Roman proYince, 145 b, c. Art, in the strict application 
of that word, was not properly understood by the yictorions 
Romans at this time; but after a succession of triumphant 
wars, when immense treasure was brought to Rome, and 
they wished to celebrate their Yictories, there became a 
necessity for erections to record them, and the riches that 
were amassed were expended in the adornment of Rome, 

The Greek Architects who settled in Italy executed works 
of great beauty; they founded a school of art, and modified 
that which were practised in their own country, to suit the 
habits, taste, and climate of the Romans. The Romans 
were at all times anxious to subjugate, for their own purposes, 
those nations that successfully cultivated the arts ; a motive 
which, joined to the desire of aggrandizement, induced them 
at a very early period to carry their arms against the Etrus- 
cans, who were in a far higher state of civilization than them- 
selves. W e find that they drew supplies of artists from Sicily, 
Asia Minor, and Greece, instead of employing their own 
citizens. Although, in Rome, Architecture lost its simplicity, 
it gained in magnificence: it there took a deeper root than 
the other arts, from its affording, by the dimensions of its 
monuments, more splendor to the character of so dominating 
a nation. 

The first effort of Architecture was shown in the temple 
reared to Minerva at Rome, by Pompey the Great, about 
60 years b. c. The vdlas of the Romans were at this period 
of considerable extent: the statues of Greece had been 
required for their decoration, besides a plentiful supply of 
all that Greek art afforded. We find that Cicero was in the 
habit of employing two Greek architects, Chrysippus and 
Clautius, on Ids bxuldings. 

The first permanent theatre that existed in Rome was 
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built by Pompey, 54 b. c., and was capable of containing 
40j000 persons. 

In the time of Augustus (from 30 b. c. to 14 a. d.) we 
find that the Italian buildings attained a point of magnifi- 
cence far beyond all that preceded. The conquest of nearly 
the whole of the then known world, added to a general 
peace, allowed the soYereign to turn his thoughts to the 
improvement of his country; and a constellation of illustrious 
philosophers and poets, who shone at this time in the metrop- 
olis of the empire, gave the minds of the people an inclination 
towards subjects more useful and honorable than the conquest 
of remote and unoffending nations. The patronage of litera- 
ture with the fine arts by Augustus produced the most 
brilliant results, and has caused a veneration for the age in 
which he lived. The perfection which literature and archi- 
tecture attained during his dominion effected more towards 
immortalizing Rome than all the conquests of its emperors, 
and raised its inhabitants to a state of civilization never 
before equalled. By him was erected the temple and forum 
of Mars the Avenger, the theatre of Marcellus, and a large 
number of other public buildings. His boast was not a vain 
one, when he asserted that he found his capital built of brick, 
and he left it of marble. 

jN'ero was the next emperor (with the exception of Clau- 
dius* ) who seemed to have given his attention to Architec- 
ture ; but his buddings must be considered more as monu- 
ments of his prodigality and expenditure than of correct 
taste. A palace was erected for him, than which nothing 
could be more gorgeous, nor could the pomp of decoration 
be carried further. 

The reigns of Y espasian and Titus are justly celebrated 
by the erection of baths and amphitheatres of such magni- 
tude as to astonish the world, and to which nothing of their 

* During the reign of Claudius, one of the finest aqueducts of Rome was com- 
pleted, whose length is 46 miles, and the water passes over arches raised more 
than 100 feet from the surface of the ground for nearly 10 miles of it. 
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kind, either before or since, will bear comparison. The Co- 
liseum, so named from its gigantic dimensions, was com- 
menced and finished by Tespasian and Titns: it was capable 
of containing 109,000 spectators, who could view the sports 
and combats in the arena. The baths of Titus were among 
the wonders of the age ; but their remains are not so perfect 
as those of others, although they are still majestic * The 
Temple of Peace, the largest covered building of antiquity, 
and another temple dedicated to Minerva, of the richest and 
most exquisite workmanship, were erected at this time, from 
TO to 81 A.D. 

To give a further description of the buildings of ancient 
Rome would be unnecessary, as our object is only to treat 
of the history of the Styles pf Architecture, to show the 
periods at which they attained their greatest excellence, and 
to trace, as far as possible, the connection of one with the 
other. We therefore pass over the reigns of Trajan and 
Hadrian, celebrated for some fine architectural works, and 
proceed to the styles that sprung up, on the decline of the 
empire, among those nations that borrowed their first prin- 
ciples of art from the Romans. 


CHAPTER lY. 

Byzantium and Romanesque. 

From the time of Hadrian, lit a.d., to that of Constan- 
tine, a general decline in the Arts took place, which, hot^ - 
ever, seemed to revive in the reign of the emperor, and many 
proofs are still extant. The churches that were built imme- 
diately after Constantine’s espousal of the Christian faith. 
The basilica, or halls of justice of the ancient Romans, were 
m^Joubtedly the types from which these churches were taken; 
and the ruins of these buildings were often the materials 
used. The columns that divide the centre of the church 

^ The haths of Ihocletmn, erected 294 a d., were of great extent and magrafi 
cence, and are in a better state of preservation than those of Titus 
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were often taken from old buildings— some were reduced in 
height, others were mounted on pedestals to suit the pur- 
poses to which they were applied. 

Among the edifices demanding 
notice are: the basilicia of St. 

Clement at Borne, said to be 
built on the spot occupied by St. 

Clement, the immediate successor 
of St. Peter. This is the only 
edifice of this style which we can 
describe in this work. It is en- 
tered by a court, which is sur- 
rounded by porticoes and sup- 
ported by columns and piers ; on 
the sides parallel to the front of 
the church arches spring from 
the columns, but on the others 
there are only architraves. Un- 
der the portico nearest the tem- 
ple were placed the holy-water- 
vases, until in after times they 
were removed in the body of the 
church at the western door. The 
centre part of the atrium was then 
used for burial purposes. The 
sacristy, like all Christian 
churches then, was semicircular 
in plan, and the altar, the throne for the bishop, and exedra, 
or benches for the priests. It was surmounted by a half- 
cupola, the front of which is richly ornamented with 
marble and paintings of Christ and the Saints. The 
cupola is covered with paintings of foliage on a gold ground; 
the remainder of this semicircular part, known by the name 
of “apsis,” is richly ornamented with figui’es of the Saints. 
On each side of the apsis were small apis sides. One of 
them was called the vestiarium, and contained the priests^ 
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robes and tbe consecrated Tessels; the other, the evangelinm, 
received the sacred hooks, charters, kc. &c. This arrange- 
ment still exists in Greece. The chancel, which was used by 
the inferior ecclesiastics, and contained the pulpit and am- 
bones, was situated in front of the apsis, and enclosed by a 
low partition of marble; it is raised one step from the level 
of the church. The floor is decorated with mosaics. 

The Church of St. Sophia was consecrated May 330. It 
is built like a Grecian cross. It cost one million dollars. 
Besides this, Constantine built 25 churches. The cathedral 
at Pisa, in Italy, was built 100 years after that of St. So- 
phia. Its plan is the Latin cross. The length is 304 feet, 
and the width 101; the transverse branch is 234 feet by 55 
feet in width. A detailed account we cannot give — sl mere 
sketch is all we promised. 


CHAPTER Y. 

The Architecture of Germany, France, and Normandy. 

The sacredness of religious edifices seems to have protected 
them from demolition and the hand of the destroyer. 

Germany lays claim to churches of antiquity superior to 
those of any other country this side of the Alps: those exist- 
ing of the tenth and eleventh centuries are very important 
in the history of the art, and testify extraordinary solidity 
and magnificence. Such are the churches of Spire, Mentz, 
and W orms. That of Spire was founded by Conrad, in 1030 : 
rhe east end of that at Worms, still earlier, was commenced 
in 996, and the building was consecrated in 1016; the oldest 
part of the cathedral of Mentz is said to be of the date - 
of Archbishop Willigris, between 9T8 and 1009. 

One of the most instructive as well as the most ancient 
of these churches is that at Worms, now in a very perfect state 
of preservation. The plan is strongly distinguished by the 
cross ; the piers separating the nave from the aisles are square, 
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with columns at alternate piers, to carry the stone vaulting, 
which embraces two compartments of the lateral arches be- 
tween each groin or rib. The east end is square on the face 
externally, but semicircular inside ; thus retaining one of the 
principal features of the Romanesque basilicm, On each side 
are circular turrets containing staircases, and corresponding 
with tw^o at the west end, although of somewhat larger 
dimensions. The entrances are in the north and south sides, 
and nearer the transepts than the w^est end. This arrange- 
ment is quite at variance with all preceding buildings; as 
Instead of the three doorways at the w’’est front, there is an 
apsis of the form of three sides of an octagon, which is used 
as a chapel. At the intersection of the nave and transepts 
springs an octagonal tow^r, which is scarcely higher than the 
nave roof, and covered with a cupola: the turrets are carried to 
a great height, and terminate conically. This church, as well 
as those of the same date, is vaulted with stone throughout, 
which caused the introduction of the shaft on the face of the 
piers, and is one great deviation from the arrangement of the 
Roman basilicse, which were covered with horizontal ceilings; 
or else the wooden roofs were left exposed, which rested on the 
walls, having no relation vertically to the substructure. 

The church of St. Castor, at Coblentz, part of which was 
built in the eleventh century, is likewise executed with semi- 
circular arches, which spring from square piers, to each face 
of which a square column is attached. This may be considered 
as one of the steps leading towards the clustered columns, 
which gradually were introduced into the naves of all churches 
throughout the western part of Europe. 

The early German churches, although differing considerably 
from each other in their general plan, still retain peculiarities 
that are not to be seen in those of other countries, though 
erected about the same period, or rather later. The octa- 
gonal form of the apsides and turrets, and their enrichments 
generally retaining a primitive character, made their Lom- 
bardic origin perceptible. The square piers which support the 



OP AECHITECTIjEE. 


nave arches eyince a direct departure from the Italian types; 
there is hkewise a prevalence of rectangular faces and square- 
edged projections This general simplicity may be well ac- 
counted for, when we consider that the chief impressions were 
received from Romanesque examples, which were simplified 
from necessity, as there was great deficiency in knowledge 
of art, although no inferiority m mechanical skill. 

In the cathedral of Worms we Jfind the pointed arch, which 
was not introduced generally until a century after the erection 
of that building; therefore, if this was not added subsequently, 
it confutes many of the theories as to the causes and dates 
of its introduction. 

The church of G-elnhausen, in Suabia, which was built in 
the beginning of the thirteenth century, is one of the earliest 
German churches in which a positive change of style is per- 
ceptible throughout ; although in many of those of the eleventh 
and twelfth centuries there exists deviations from the umty 
of the designs which are difficult to be accounted for. 

The heads of the windows, instead of being semicircular, 
are of the lancet form, with cusps, and differ from the pro- 
portions before adopted by being long and narrow. The 
arches and windows in the nave have trefoiled heads, and 
the windows of the central tower possess a marked distinc- 
tion from the earlier arrangements, having the three aper- 
tures with trefoils inscribed in a semicircular top, and sepa- 
rated by mullions 

The church of St. Catherine at Oppenheim, commenced 
m 1262, resembles in plan that of Worms, being in the form 
of a Latin cross, and having semi-octagonal chancels at the 
east and west ends. The latter is of a subsequent date, and 
was not consecrated before 1439 This peculiarity is ob- 
servable in several other churches in Germany: the entrances 
are on the north and south sides. 

The cathedral of Strasburg, which was begun in 1227, 
and brought to its present state in 1439, holds the first 
rank among the Gothic churches of the Continent, in point 

7 
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of toe Mgh degree of enrichment which prevails throughout 
The length of the body of the church is 324 feet, and the 
height of the nave vault is 98 feet. The western facade 
is divided into three parts, vertically, by buttresses richly 
ornamented with canopies and statues. The three entrances 
are crowned by crocheted gables, and the diverging sides of 
the doorways are completely filled with niches and statues. 

This cathedral has but one of its spires completed, which 
is at the north-west angle: it is perforated in the richest 
manner, and in height it exceeds any other church in Europe, 
being 414 feet from the ground. 

The cathedral of Cologne was one of magnificent design, 
and of a symmetry not surpassed by any of the best works 
of Grreece or Rome. The site was the ruins of a church 
built by Charlemagne. Archbishop Conrad commenced the 
church in 1249. The length was over 500 feet; the width 
of the aisles 180 feet; the roofs more than 200 feet high. 
The western towers were to be 500 feet high, and 100 feet 
wide at the base. For three centuries the work, by spas- 
modic efforts, was extended ; but the building was never 
entirely completed. All that is now done is to keep it in 
repair. 

The German cathedral at TJlm was commenced in 13.77. 
Its length is 416; width, 166; height, 141. 

Ratisbone cathedral was built in 1480. 

The greatest variety of forms, both in traceries and orna- 
ments, prevails throughout most of the larger churches of 
Germany that were built in the latter part of the Gothic 
era. 

The buildings of France of the ninth and tenth centuries 
were like those of Germany, in the Byzantine or Romanesque 
styles, and decorated with a profusion of mosaic and other 
ornamental work. 

Tlie invasion of the ISTormans, in the ninth and tenth cen- 
turies, caused the destruction of most of the ecclesiastical 
edifices. After Rollo had become Duke of hTormandy, and 
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embraced the Christiaa faitb, he Tied with France in the 
erection of churches. The principles of the architecture 
that prevailed in both countries were identical, being modi- 
fications of the Lombardic styles, and were characterized 
by the general use of the semi-circular forms in arches or 
windows. 

One of the earliest French churches that presents any 
features that require our notice, is that of St. Grermain des 
Pres, which was built by Abbot Morard, in 1014. The 
nave of the church still remains in its primitive state. The 
capitals of the columns possess much of the character of the 
Corinthian Order; whilst others are composed of birds and 
griffins. In the churches of JS'ormandy, the capitals of the 
columns are direct imitations of the Corinthian Order, with 
the exception of the abaci. 

About 800 years ago the large cathedral of Chartres and 
the abbey of Cluny of France were built. The plan is cru- 
ciform. 

Towards the end of the twelfth century an important 
change took place in the architecture of the western parts of 
Europe, by the introduction of the pointed arch, which was 
used instead of the semicircular. 

Concerning the origin of the pointed arch we cannot 
treat. JBy some it is supposed that it was used in Xoah’s 
— and some buildings of great antiquity in the east, at 
Jerusalem and Cairo, are of a pointed form. 

Er. Milner supposes that it 
arose from the intersection of 
semicircular arches, which were 
frequently introduced on the 
surface of the walls in the Nor- 
man Styles, but placed there 
solely for ornament, as in St.Botolph’s, Colchester, (England.) 

At Castle Acre Priory the transition is apparent; and at 
Bristol Cathedral it is stiU farther developed. 




At St. James’s, 

Bristol, within the 
interlacing mould- 
ings, there is a lancet 
window, the arch of 
which is struck from 
the same centres, and 
follows the inside lines. In the above instances referred to, 
the intersecting semicircular windows are not detached from 
the wall. 



In Christ Church, Oxford, 
erected 1180 , there is an in- 
stance of an interlacing arcade 
supported by columns entirely 
disengaged from the wall, and 
from its construction as well 
as its form may be considered 
as a transition between the 
semicircular and the pointed 
styles. 
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The pointed form biiggests a greater loftiness and elegance 
in com230sition, and to a certain extent the principles of 
arrangement are different: these again, in their turn, gradn- 
ally gave place to others, apparently as much at variance 
with them as they were from the parent source. 

The Editor differs from his Author and agrees with Sir 
Christopher Wren, that the Saracens of the East, or the 
Moors of Spain were the originators of the pointed style of 
Architecture. 


GHAPTEE YI. 

Syrian^ Persian, and PersepoUtan Architecture. 

The ancient edifices of Syria were undoubtedly of a cha- 
racter very similar to the Egyptians, if we may judge from 
the intercourse that existed between these nations. There 
are no monuments left us of Phoenician architecture. 

Solomon’s Temple was built by an architect and work- 
men from Tyre. The plan was a paralellogram of about 
109J feet by 36 feet; in front was a pronaos or portico ex- 
tending along the whole width of the temple, the depth of 
which was half its extent. The cell or main body of the 
building was 54 1 feet deep, and the sanctuary beyond 36| 
The height of the sanctuary was 36| feet, the middle part 
or cell 54|, and the portico 36 J. The body temple was sur- 
rounded by three tiers of Chambers, to which there was an 
ascent by stairs, and the central space was a court open to 
the sky. Bells were suspended about the temple and were 
probably intended by the sound they produced on being 
agitated by the wind, to keep off the birds from the conse- 
crated edifice. The ends of the beams of the upper floors 
rested on stone corbels, and were not inserted into the walls,' 
which were lined with cedar, on which were figures of che- 
rubim made of wood and covered with gold; these were ten 
cubits high, and their expanded wings extended across the 
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vridth of the temple. In front of the portico were two pil- 
lars of brass, each five cubits high, and nearly four cubits in 
diameter. The chapiters or capitals, also of brass, were five 
cubits high; one was ornamented with lilies on a net-work 
ground, the other with pomegranates. 

The “ House of the Forest of Lebanon” was larger still 
than the temple. 

Persia was the seat of one of the most powerful empires 
of Asia from a very early period until the invasion of the 
country by Alexander the Great, 830 b.c., during which 
time the art of building must have been practised to a great 
extent. But alas! '' time the destroyer’’ has left nothing but 
ruins from which we may judge of its former splendor. On 
the great fertile plain of Merdasht or Istaker, in the pro* 
vince of Farisistan, are the ruins of the city of Persepolis. 
The ruins are 1,200 feet from north to south, and 600 feet 
from east to west. It is undoubtedly the site of a palace. 
There are other, ruins, and all seem to indicate that some 
intimate connection must have existed between the architects 
of Persia and Egypt. 

A great resemblance exists between the present architec- 
ture of Persia and other Mahommedan countries, and it 
therefore requires no description of its peculiarities. 


OHAPTEE yil. 

The Ancient Architecture of India. 

Of all the remains of ancient buildings that have attracted 
the curiosity or attention of the traveller devoted to anti- 
quarian research, none have been investigated with less 
satisfaction as regards their history or chronology than those 
of India. 

The ancient monuments of India are of two kinds, the 
excavated and the structural; the one being cut out of the 
rocks, while the others are erected of different materials in 
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the usual way. The former were made by the Buddhists, 
a sect whose earliest existence dates 600 b.g. 

The caves consist of three classes: the first of these arc 
Yihara, or monastery caves, the earliest of which are natural 
caverns slightly improved by art, appropriated to religious 
purposes: those w’hich followed had a verandah opening into 
the cells for the abodes of the priests, but without sanctu- 
aries or images of any kind. The simplest form of these 
consists of merely one square cell and a porch, sometimes 
nearly 30 feet in length; in others the arrangement is ex- 
tended by the verandah opening into a square hall, on three 
sides of which the cells are placed. Another subdivision of 
the Yihara caves consists in the enlargement of the hall and 
the consequent' necessity for the use of pillars. In these, 
besides the cells there was always a deep recess facing the 
entrance, in which the statue of Buddah, with his attendants, 
was usually placed; thus making the cave not only an abode 
for the priests, but a place of worship. To this division by 
far the greater nmnber of Buddhist excavations belong; 
those at Ajunta are the finest, though good specimens exist 
at EUora and Salsette. 

The second class consists of Buddhist Chaitya caves: these 
must be considered as the temples or churches, and one or 
more of them is attached to every set of caves in the west of 
India: the plan and arrangement of them are exactly the 
same, though the details and sculpture vary with the age in 
which they were erected. These, unlike the Yiharas, seem 
to have taken the same form at once, as is seen in that of 
Kaiii, which is the most perfect, and believed to be the oldest 
in India. It has been supposed fi*om this circumstance that 
they were copies of the interiors of structural buildings, 
though no traces of such buildings exist in India, Ceylon, or 
beyond the Granges. In aU these caves there is an external 
porch, or music-gallery, and an internal gallery over the 
entrance; the cenlare part of the temple is surrounded by cir- 
cular or octagonal piUars that divide it from the aisles, and 
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are carried round tlie semicircular part at the farthest end, 
and which may be considered as an apsis : the whole bears a 
strong' resemblance to the arrangement of the early Norman 
churches. The nave or centre part is twice its width, and is 
roofed by a wagon vault; the roof of the aisles is generally 
flat. In the centre of the semicircular part stands the 
Daghopa, in part of which there is always a sculptured niche 
containing a figure of Buddha and his attendants. The third 
class consists of Brahmanical caves, many of which have a 
great resemblance to the Yihara, though the arrangement of 
the pillars and the position of the sanctuary are in no instance 
the same. The walls are nearly always covered with sculp- 
ture, while the Yiharas are generally decorated with painting 
and inscriptions. The finest specimens are at Elephanta and 
Ellora; others are to be found in the island of Salsette, near 
Bombay. The excavated temple at Elephanta is 130 feet 
long by 110 feet wide, and 14| in height. The ceiling is 
flat and supported by four rows of columns connected by a 
fascia, or simple architrave; the columns are 9 feet high, 
standing on pedestals; they are reeded or ribbed, and have 
projecting capitals of a semicircular form in profile, from 
which spring the brackets of the ceiling. Against the walls 
are sculptured colossal human figures in high relief, which 
differ from each other by a variety of symbols, representing 
the attributes of the deities whom they worshipped. At the 
farthest end there is a square recess, supposed to be the sanc- 
tuary ; on either side of the door by which it is entered there 
are large figures. There are 100 of these caves three stories 
high cut out of the rock. Some are 150 feet high. Tlie 
Buddhists nearly always adopted the Arch form in their 
Chaitya temples. 

There is still another class of excavations cut out of rock; 
they are of one block of stone. These temples have the 
appearance of standing in pits, as all the surrounding parts 
have been cut away. The most remarkable of this class is 
the Kylas and Ellora, which is one of the most modern spe- 
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cimens of excavations in India, built about v)00 a.d. It if 
400 feet long by 241 wide, and is at the north-east angle 
104 feet deep; round the sides of this area is a cloister sup- 
ported on square pillars, which are covered with subjects 
from the Indian mythology. The centre part is occupied 
with the entrance pavilion, the chapel of IN^audi and the 
grand temple and sanctuary, round which are balconies sup- 
posed to have been used by the musicians on solemn occa- 
sions. The approach to it is by a bridge, from which you 
descend to the chapel by nine steps; and, on passing on over 
another bridge, you arrive at staircases on either side, which 
lead to the inner court, the temple and cloisters. On each 
side of the bridge are gigantic representations of elephants, 
and beyond are two richly carved pillars or obelisks. 

The upper parts of the buildings were supported on square 
piers or pillars, and from all sides of their capitals brackets 
projected equal to their width, and leaving generally a space 
equal to three diameters between their greatest projection, 
thus leaving only one-half of the whole length of the archi- 
trave unsupported; but when a greater space was required, 
a succession of projecting brackets placed above each other 
was adopted, sometimes meeting in the centre, thus having 
the effect of a horizontal arch. The effect of this is un- 
doubtedly pleasing, as the projecting brackets on ail sides of 
the square capital produce in perspective a variety of lines, 
and great play of light and shade. 

One of the oldest structural monuments or temples is that 
of Bobaneswar, which is 60 feet square at the base and 180 
feet in height. 

In plan the Indian temples or pagodas are square; the only 
light that is admitted is by the door. 

One of the largest Hindoo temples is that at Chillamba- 
ram, on the Coromandel coast, which from its dimensions 
and antiquity is held in high veneration. This cluster of 
temples is a rectangular space 1332 feet in length by 936 in 
width, by walls 30 feet in height. This area contains a 
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variety of templeSj much decorated with sculpture of figures 
and ornaments more carious than beautiful; these are con- 
nected by extensive colonnades and porticoes. Pyramids 
stand over the entrance of the outer enclosures, and consist 
of several floors. 

There are many other pagodas of large dimensions. 

Among the interesting works of the Hindoos are the 
Bunds or dams, which are made for the purpose of intercept- 
ing the course of small rivers, so as to form an artificial lake 
for the purpose of irrigation: on these dams, which are con- 
structed of stone, palaces and temples are generally placed, 
and between them are very broad flights of steps leading 
down to the water, which are ornamented frequently with 
figures of elephants, and were used as fountains. That at 
Raj-Sing, at Oddypore, is 386 paces in length, and was built 
in 1653. 

The Indian styles, whatever their defects may be, have 
the merit of being original; for there can be little doubt but 
that they were invented in the country where we now fiind 
them. 


CHAPTER YIIL 

' Chinese Architecture. 

The architecture of China, unlike that of other nations, 
has retained its particular character during all times without 
any mutation. Their native historians ascribe the origin of 
building to their Emperor Fou-Hi, who first taught his sub- 
jects that art about 368 b.c. In the year 246 a.d., the Em- 
peror Tsin-Chi-Hoang-Ti demolished all the buildings of im- 
portance, so as to remove all records of the grandeur and 
power of his predecessors: except a few temples and tombs 
in the mountains, which are supposed to be of a prior date, 
nothing remains of a higher antiquity. 

The type of all Chinese buildings, whether they are used 
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for tKe purposes of religion, or as residences, is nndoubtedlj? 
a tent ; and the convex form of their roofs shows that they 
are a copy of those made of more pliant materials, sustained 
at different points from brackets at the top of vertical sup- 
ports. The material generally employed is wood ; that most 
in use is the nan-mon, which is said to last more than a 
thousand years : stone, marble, bricks, bamboo, and porce- 
lain tiles, are also used. 

In China, improvement seems to have been considered an 
innovation and direct breach of the laws, which are looked 
upon as something more than human ordinances, from theii* 
supposed perfection and antiquity. 

One great hindrance to any advance in architecture is 
caused by the construction of their private houses and 
public buildings being subject to the restrictions of public 
functionaries (who may be properly designated district sur- 
veyors), backed by most arbitrary laws : under their super- 
vision every one is obliged to build according to his rank, 
and for every house a certain size as well as details are fixed. 
These officers seem to govern the arts in China, and the laws 
regulate the magnitude and arrangement of residences of the 
various degrees, — ^for a noble family, for a president of a 
tribune, for a mandarin, and for all classes who can afford 
the luxury of a house. The size of public buildings likewise 
comes under their management. The merchant, whatever 
the amount of his wealth may be, is compelled by this 
regulation to restrict the dimensions and decorations of Ms 
house to Ms exact grade or standing : this refers only to the 
external part of Ms dwelling ; the interior arrangements are 
unfettered. According to these proMbitions (for they cannot 
be considered in any other light), the level of the ground 
floor, the length of the frontage of the building, and the 
neight of the roofs, are in an advancing scale from the citizen 
to the emperor, and their limits must be attended to without 
appeal. 

The buddings generally are only of one story ; and in Pekin 
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the shopkeepers are obliged to sleep under their pent-houses 
in the open air in summer. One reason perhaps justifies 
their houses generally being only of one story, which is the 
slightness of their construction, and which renders them 
incapable of bearing any thing^ above them. The general 
character and arrangement of the Chinese houses is so well 
understood, that no object will be gained by enlarging on the 
subject. In every part, nothing is seen but a succession of 
combinations of frame-work and trellises painted in all the 
primitive colors, which has caused the impression that the 
Chinese houses bear a greater affinity to bird-cages than to 
any thing under the sun : the form of some of their doors is 
sometimes circular or octagonal, and tends to strengthen it, 
as in no other country are anerturas of That form used for 
entrances. 

The palaces resemble a number of tents ’’nited ; and the 
highest pagodas are nothing else than a succession of them 
piled on one another, instead of side by side : in short, from 
the smallest village to the imperial residence at Pekin, no 
other form but that of a permanent encampment prevails. 
Lord Macartney, who travelled .the whole empire from the 
farthest part of the great wall to Canton, observed that there 
was but very little variation in the buildings to be seen. 

Amidst the substantial works of the Chinese the most 
remarkable are the bridges : that at Loyau, in the province 
of Pod-Kien, is composed of 250 piers built with very large 
stones, which support enormous granite lintels, or stones 
placed horizontally ; these are crowned by a balustrade. A 
considerable number of bridges have been constructed in 
China, and they are considered to be works of great magni- 
tude and importance. To the Chinese is attributed the earliest 
application of the suspension bridge, which has been so much 
adopted in modern times in situations where no other means 
of passage could have been applied. 

The temples of the Chinese are generally small, and 
consist of only one chamber, which is the sanctuary of their 
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•dols ; on the outside is a gallery : others stand in a court 
surrounded hj corridors. In some instances the interior is 
spacious : that at Ho-Xang, near Canton, is 690 feet in 
length by 250 in width ; the temple is constructed of wood, 
and coTered with painted and varnished porcelain. It has 
been estimated that Pekin and its environs contain nearly 
10,000 mido or idol temples, some of which are superior in 
decoration to those at Canton. 

Amongst the buildings that are peculiar to China are the 
pagodas, or towers of from six to ten stories, diminishing 
upwards : the projecting top of each story presents the con- 
cave form before referred to ; and the plan of those buildings 
is generally an octagon. The most celebrated is that of 
Xang-King, which is called “the tower of porcelain f it is 
40 feet in diameter at the base and 200 feet in height ; in the 
centre is a staircase connecting each stage, and which is 
lighted by windows on four sides : the openings do not occur 
over each other, but in alternate stories ; the whole is cased 
with porcelain. The age of this pagoda is little more than 
three centuries. 

Commemorative buildings and triumphal arches or doors 
are Very numerous throughout China : they are placed at the 
entrances of streets as well as before principal buildings ; 
the better class of which consist of a central and two side 
openings : the lower part is generally of stone, without any 
mouldings ; the upper part is of wood, and supported on 
horizontal lintels, the constructive arch being as little known 
in China as in other Eastern nations. 

The great wall, which extends for 1500 miles, has perhaps 
caused a much higher opinion to be formed of the monuments 
of the Chinese than a careful survey justifies. It is (with an 
exception in favor of their bridges) the only work of any 
importance that can give the Chinese any position as a con- 
structive people.=^ It consists of an earthen mound faced bj 

* From the architecture as well as the oiuamental works, the impression is con- 
veyed that mechanical bMH and imitation are the only faculties that are possesae# 

8 
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walls of brick and masonry ; its total keight is 20 feet. The 
platform on the top is 15 feet broad, and increases to 25 feet 
at the base of the wall ; at intervals of 200 paces are towers 
of 40 feet square, which diminish to 30 feet at the top ; their 
height in some places is 3^ feet, in others 48. This wall, 
which commences in the sea to the east of Pekin, extends 
along the frontiers of their provinces, over rivers, mountains, 
villages, and often in places that are of themselves protections 
from any hostile invasion : it engaged a million of persons 
for ten years in its erection.* 


OHAPTEE IX. 

Arabian, Saracenic, or Moorish Architecture, 

In consequence of the very few examples remaining, we 
have little evidence of the ancient architecture of the Ara- 
bians. The Caaba at Mecca is the only existing temple in 
which the Arabians worshiped their idols : this was so much 
altered by Mahommed, that it is difficult to trace the portions 
of the prior erections. 

From the appearance of Mahommed, a.d. 600, commenced 
a style of architectoe which extended from the Indus along 
the northern coasts of Africa, and to a considerable portion 

by tbe Chinese, as their arts seem to he confined to servile copies of the works of 
Nature, without any feeling of composition or invention. Tlie ancient people 
must indeed have been widely different in their composition, as they have credit 
for the discovery of the magnetic compass before 121 a . i>. ; the art of printing in 
the tenth century ; the earliest manufacture of silk and poreclain • and last, 
though not least, the composition of gunpowder, which their descendants of the 
present day use to so little purpose. 

* The first emperor of the Tsin dynasty caused this wall to he built as a protec- 
tion against the Tartars, though it has been supposed that the employment of a 
large mass of people, who were in a state of excitement at his tyranny, was the 
more direct cause of its erection, or it would not have been carried over places 
that were quite inaccessible to an enemy, and therefore in these situations useless. 
It has now stood nearly sixteen hundred years. He ordered all the books of the 
learned, including the writings of Confucius, to be cast into the flames, for the 
same reason that caused the destruction of all the principal existing buildings. 
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of Spain. In the latter eonntry it attained its greatest 
excellence 

The mosque which was built at Jenisalem by Omar, the 
second caliph, about a d 640, is supposed to have been the 
first of their erections beyond the limits of Arabia. Of the 
nature of this edifice we are ignorant, in consequence of the 
numerous additions made to it at subsequent periods. When 
Damascus became the seat of the empu’e, it was considerably 
unproved; and among its sjilendid buildings was the cele- 
brated mosque founded by Alwalid II. In the year a. n, 
T62, the foundations of Bagdad w^ere laid; and this city 
remamed the imperial seat for 500 years. The magnifi- 
cence of the palace of the caliphs could only be exceeded by 
that of the Persian kings; and the pious and charitable 
works of those days have never been equalled, as water cis- 
terns and caravanseras were built along several hundred 
miles of road. 

Xearly all the remains of the ancient architecture of the 
Eastern Saracens are the mosques at Mecca and Jerusalem: 
to these may be added the castle of Cairo, and the ruins of 
the hall of Joseph. 

The most splendid specimens of Arabian or Saracenic 
architecture are to be found in Spain, of which the most 
ancient is the mosque at Cordova, begun in T80 by Abd-el- 
rahman, then king of this part of the Moorish dominions. 
It was erected within the first century after the Moors had 
established themselves in Spain.* It is an insulated paral- 
lelogram of 620 feet in length by 420 in breadth, and is 
divided into two parts; one of them is an open court, in 
which vrorshipers performed their ablutions before entering 
into the body of the temple: on three sides there is a colon- 
nade 25 feet wide, and on the other are the several doors 

* The Woors, under Mu'ia Ihn Nosseyr, the viceroy of The northern part of Africa, 
landed m the south of Spam a d 711, a h S9: and within two months Cordom 
Granada, Jaen, Malaga, and Toledo, then the capital of Spain, were reduced, or 
opened their gates to the conquerors The mosque of Cordova was fin’shed by 
Hisham, ad. 794 
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communicating with the mosque. This consists of nineteen 
naves divided hy seventeen rows of columns: thus the interior 
presents an appearance of a forest of columns composed of 
jasper and other marbles; they are 18 inches in diameter, 
and surmounted by capitals which bear a strong resemblance 
to the Corinthian and composite orders;* these are connected 
by segmental arches. The ceilings are of wood, painted; the 
enrichments are of stucco, also painted in various colors, 
decorated with legends and occasionally gilt. After the 
conquest of the city by San Ferdinand, in 1238, the mosque 
was converted into a cathedral; and the character has since 
been greatly injured by erections that were necessary for its 
adaptation to the service of the Christian religion. 

The most perfect example existing, that can convey an idea 
of the extent to which sumptuonsness of ornament and en- 
richment can be carried, is to be found in the Alhambra, the 
residence of the Moorish kings of Granada, erected between 
the years a.d. 1240 and 1348. In this there are no traces 
of art peculiar to any other nation ; the composition and dis- 
tribution of the ornaments being arranged with consummate 
skill. To attempt a short description of this model of pure 
Arabian architecture would only be an injustice to it, as no 
notion would thereby be conveyed of this extraordinary 
work ; we therefore can only remark, that every part of the 
walls and ceilings is covered with a mass of ornament en- 
riched with gold and the most brilliant colors, and which 
bears the strongest evidence of the high degree of refinement 
and luxury at which the Moors had arrived prior to their 
overthrow.f The wdiole of the ornaments are composed of 

* Tliese were probaHy obtained from some Roman buildings that existed in the 
neighbourhood, as some of them have bases, so as to bring them to the required 
height, while others, which were too short, were lengthened by giving them tall 
capitals. In this building there are upwards of 900 columns. 

f For a full description, with views and the details represented in their original 
colors, the reader is referred to the work published by Mr. Owen Jones, which is 
truiy worthy of the magnificence that it iUustrates; and it is to he regretted that 
it has not received sufficient patronage to reimburse him. His princ'pal remune- 
ration must be the conviction that he has produced that which is unequalled in 
execution by any thing that has preceded it. 
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stucco; and it has been observed, that no nation has con- 
sirnoted so many magnificent bnMmgs without having 
recourse to the quarry. 

Moorish architecture has several kinds of arches: the 
horse-shoe form, having the centre raised above the spring of 
the curve, which likewise diminishes in width; the pointed 
arch, in which, likewise, the greatest width is above the im- 
post or spring from which the curve commences. Some of 
these arches contain on the inside a succession of small cusps 
of a segmental form. The next example is that of the 
cuspid arch, strictly so termed, the outline being produced 
by intersecting semicircles, very similar to the trefoil heads 
of Gothic windows, with the exception that they are not 
circumscribed by a continuous arch. Another example in 
the Court of Lions in the Alhambra, it being circle headed 
and stilted and considerably more than a semicircle: the part 
below the centre of the curve is vertical, and rests on small 
corbels that are fixed against panels wider than the slender 
pillars that support them. 

The style is noted for its extremely slender proportions 
and for its fanciful and diverse character. 

Among the features of this style is the honeycomb, fret- 
work, or pendants, which compose the ceilings of the build- 
ings of the later dates. It is a cone-shaped covering, but 
ornated with a multiplicity of projecting forms, which ren- 
der its appearance at first perplexing; but, like the mosaics, 
it is extremely simple in principle. 


CHAPTEE X. 

Druidical, Celtic, and Anglo-Roman Architecture. 

The earliest remains of a structural nature are the un- 
hewn stones which, in various forms, are found in different 
parts of the island. The introduction of those in the south- 
ern parts are chiefly attributed to the Phoenicians, or Ga- 
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naanites of Tyre and Sidon, wlio were the most expert 
sailors of antiquity, and maintained a commerce with the 
southern parts of England 

It is quite certain that their fi:equent voyages suggested 
the idea of planting a colony in this part of Britain, and 
that they then introduced the custom of erecting gigantic 
stones, which had been practised in Asia. These erections 
are varied, and may be classed as follows: 1, the single stone 
or obelisk; 2, circles of stones of different numbers; 3, sa- 
crificial stones; 4, cromlechs and cairns; 5, logan stones; 6, 
tolmen, or colossal stones 

The most remarkable of these monuments is on Sahsliury 
Plain, in Wiltshire, which has been generally considered as 
a Druidical or Celtic wmrk. It consists of concentric circles 
of large stones, placed upright in the ground like pillars, 
with another large stone resting upon them as an architrave 
or lintel, which is secured by mortices and tenons; thus 
indicating a regular principle of construction, although the 
stones themselves are not squared 

The earliest habitations of the Britons were of a circular 
form, and composed of wicker filled in with clay, and some- 
times placed upon foundations of stone; although caves were 
much used at the same time. 

The erection of solid buildings in England dates from the 
invasion of Julius Caesar, m the year 55 b c. Quite an impe- 
tus was given to the building propensities of the people, and 
in the third century Britain was noted for the number and 
skill of its artificers. After the departure of the Homans, 
A. D. 410, architecture declined. 


CHAPTER X 
Architecture in England, 

The History of Agriculture in England commences with 
structures of unhewn stone, the remains of which, in various 
forms, are found in different parts of the island Their m 
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troduction is cMeflj attributed to the Phceniciaus or Canaan* 
ites of Tyre and Sidon, who were expert sailors and main- 
tained a commerce with the southern parts of England. 

The most remarkable of their monuments is Stonehenge, 
on Salisbury Plain, in Wiltshire. It consists of concentric 
circles of large stones, placed upright in the ground like 
pillars, with another large stone resting upon them as an 
architrave or lintel, which is secured by mortices and tenons; 
thus indicating a regular principle of construction, although 
the stones themselves are not squared. The remains at Are- 
bury, near Silsbury Hill, are merely rude masses of stone 
work in the form of a circle, with smaller detached' circles of 
unhewn stones within its other area. 

The earliest habitations of the Britons were of a circular 
form, and composed of wicker filled in with clay, and some- 
times placed upon foundations of stone. 

From the invasion of Julius Caesar, in the year 55 b. c., 
may be dated the erection of solid buildings — temples, the- 
atres and public edifices were erected, and the art of archi- 
tecture advanced till the departure of the Romans in 410 
A. D. Tliis is the ‘^Druidical, Celtic, and Anglo-Roman 
Architecture” of England. 

The “Anglo-Saxon” Architecture commenced with the 
arrival of the Saxons in 449 a. d. What little remained 
of the art was shortly extinguished, for the Saxons, like 
the inhabitants of the other parts of Cermany, were to- 
tally ignorant of all civilized modes of living, being accus- 
tomed to dwell only in hovels, built in the rudest manner 
with branches of trees and reeds; all knowledge of build- 
ing, therefore, seems to have been lost for nearly two cen- 
turies afterwards. 

In the latter part of the Ith century the art of building 
stone edifices was revived, and many churches were built 
“ after the Roman manner,” or debased Roman style then 
prevalent in France and Germany. This style has received 
the title of Anglo-Saxon. The plans of the churches difi 
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fered considerably, and must have been regulated by their 
size. Some were cruciform — ^in fact a goodly portion were. 
The builders used to construct crypts beneath their most 
celebrated churches. The plans of the smaller churches were 
generally oblong. The towers were usually placed at the 
west end. The quoins are of a description known as the 
Anglo-Saxon style, and called long and short work, from 
their being arranged with stones of equal size, placed alter 
nately in a vertical and horizontal position upon each other, 
thus bearing resemblance to debased rustic work. 

The heads of the doorway of the Anglo-Saxon style are 
either triangular or semicircular; the latter were more gene- 
rally used, and those which are more ancient were con- 
structed of large flat bricks or tiles placed on end, and the 
spaces between, which are nearly equal to them in width, 
filled in with coarse rubble-work; the jambs or imposts of 
the arches were generally of stone. The mode of forming 
these arches, as well as the walls in which tiles were intro- 
duced, either in horizontal layers, or arranged herring-bone 
fashion, was undoubtedly copied from the later works of the 
Romans. 

The triangular-arched head is of a later date, and pos- 
sesses little constructive merit; the extreme of the triangle 
rests on a plain abacus, the impost in some cases projecting 
from the wall. The prevailing character of the Anglo- 
Saxon style is massiveness, with only the occasional intro- 
duction of a moulding, which in most cases consists simply 
of a square-faced projection, with a chamfer or splay on the 
upper or lower edge ; the sculpture of that period was ex- 
tremely rude, and rarely introduced. 

The principal religious edifices were destroyed on the sub- 
jugation of the country by the Danes, 1012 a. d. 

The comnumcement of the ^^Anglo-Norman Style^^ is dated 
from the Conquest by William, in 1066 a. d. Churches were 
built so rapidly that tO years afterwards, on the compdation 
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of the Doomsday Book, ItOO were recorded as then being 
in existence. 

The Anglo-Xorman conventual churches were cruciform in 
plan, with a low tower rising at the intersection of the choir 
and nave with the transepts: the former, as in the case of 
some churches in Germany, terminated with a semicircular 
apse. Apsidal eastern terminations were frequently appended 
to the chapels attached to the churches. The aisles were 
continuous throughout the choir as well as the nave, so that 
on solemn occasions the whole church might be traversed in 
processions. The altar was generally affixed to a low rere- 
dos screen or wall, which wms placed between the eastern- 
most piers. Above the aisles that extended round the nave 
and choir was a triform which communicated with chapels 
similar to those below^ The west or principal front was 
sometimes flanked with towers, in addition to that before 
named; at the angles of the transepts and porches were 
generally -placed massive buttresses, or else turrets termi- 
nated by conical or polygonical-shaped cappings or pinnacles. 
In the smaller churches, the plans were similar to those of 
the Anglo-Saxons, and consisted only of a nave and chancel, 
with a low square tower at the junction, supported by bold 
semicircular arches: in these the apse at the east end is very 
frequently introduced; indeed it is a distinctive feature of 
that style which bears the name of Il^orman or Romanesque 
(derived from ancient basilicse), and never introduced after 
the style which we immediately received from the Continent, 
namely, the semicircular-arched, had passed away. 

The Anglo-lS'orman style of architecture might be divided 
into three classes, — ^the Primitive, the Enriched, and the 
Transition : in the two former kinds, the principles are 
identical, although the moce of ornamentation that is used, 
unless considered in its various stages, appears to be the 
result of fresh impressions derived from some foreign source : 
as regards the latter, it explains itself, having features of a 
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somewhat different character, which were the germs of a 
style totally dissimilar in principle. 

The Norman style embraces the very plainest as well as 
the richest specimens of work, from that characterized by 
the low square and circular piers, so numerously distributed 
about the country, to the florid decoration with which many 
of our cathedrals and abbeys are embellished. The former 
of these exhibit but massive and clumsy remains of the 
classical principles, but they display a grandeur and solemnity 
of appearance from the solidity of masonry and smallness of 
the openings. The piers in the earlier buildings were either 
entirely square, or else a succession of receding faces crowned 
by a plain square abacus, the lower edge of which was cham- 
fered. Isolated circular columns were likewise used in this 
country shortly after the Conquest, as at the chapel of the 
White Tower, London, Great Malvern church, and the 
cathedrals of Gloucester, Peterborough, Durham, and Here- 
ford, * besides several conventual and collegiate churches. At 
the later periods, portions of columns were attached to the 
square piers ; those facing the nave or choir were carried up 
to the clerestory windows, and from their capitals sprung the 
ribs of the groining of the roof ; the others carried a part 
of the mouldings of the nave arches, as in Norwich and 
Peterborough cathedrals. In the latest instances, the square 
pier is entirely discontinued, and the columns are connected 
together without the angular pieces. 

The arrangement of the interior compartments of the 
Norman cathedrals and larger churches is that from which 
nearly all others of subsequent dates were copied ; it consisted 
of three tiers or stages. The lower or larger opening wa? 
spanned by a simicircular arch, which rested on the pierf 
before described, above which was a horizontal string-course 
in the second story, or triforium, were two smaller arches 
supported in the centre by a slender column ; these wer.> 

♦ Fifteen of the twenty-two English cathedrals retain parts of their Norman 
erection, either in the crypts or auperstmcture. 
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eBclosed in a larger aich, the span of which was rather less 
than that below it ; abo^e this was another string-course : 
in the third, or clerestory, there were generally three arched 
openings divided by columns, that in the centre being higher 
and wider than the others, and forming either the window, 
or an opening before it, in the thickness of the wall. These 
three arches generally occupied a space equal to the arch 
below them, and were enclosed in the arch springing from the 
shaft which formed part of the semi-circular stone groining 
with which the larger churches were usually vaulted. 

In all the Anglo-Xorman Churches, the western and 
southern doorway seems to have been decorated with a profu- 
sion of ornamental mouldings and sculpture. Many of the 
iN'orman doorways have the arch heads filled up, forming 
what is called the tympanum ; this is frequently adorned by 
sculpture of the Savior, angels, saints or animals. 

Another peculiarity of this style is, that the arch is the 
feature on which the greatest amount of ornament and 
enrichment was bestowed. The decorative details and 
moulding of this style, although numerous are of a peculiar 
description, and appear to have been worked on the originallj 
plain surface of the masonary, and, in many cases, re-worked 
at an after period to a greater degree of richness than they 
originally possessed. The chevron or zig-zag, for instance is 
the most common ; in the earlier instances its form is little 
more than indented on the plain face of the projection or 
wall ; afterwards we find it partially beaded ; then double 
beaded with hollow ; and in the latest examples it was com- 
pletely cut away, and standing out in fnU relief, with a 
second series of mouldings carved on the backing. There is 
also the billet — the pellet, — ^the star— the nail-head — and the 
embattled fretted mouldings. 

The windows of this style were usually small and extremely 
simple, having no mouldings round them, but only a receding 
face on the outside, the inside being splayed. Towards the 
beginning of the twelfth century, mouldings and columns 
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were introduced in the jambs, and the semi-circular heads 
were carved with the zig-zag and other enrichments ; about 
the year 1180 the highest degree of ornamentation e\^er 
applied to Norman art was arrived at. 

The Norman style, which had been gradually advancing, 
ill the richness of its arrangement and ornaments, from the 
period of its introduction into this country up to the middle 
of the twelfth century, began from that time to evince the 
germs of different combinations and features, which were 
characterized by the verticality of its principles, and a change 
from the semi-circular to the pointed form of the arch. This 
has been called the Transition, or Semi-Norman style, as in 
it we find the pointed arch in its incipient state, formed by 
the intersections of portions of a circle, whilst the details 
and accessories remained unaltered : thus was the pointed 
arch, for nearly fifty years, completely intermixed, more or 
less, in conjunction with the pure Norman style, without 
entirely superseding it, until the close of the twelfth century. 
We have already drawn the attention of our readers to some 
of the various theories respecting the direct origin of the 
pointed arch, and shall therefore offer no further observations 
on them, but merely consider this prominent feature as w’e 
find it introduced in our buildings, apparently resulting from 
new combinations, and as being the consequence, and not the 
cause, of a new style. 

The Transition, or Semi-Norman style, which lasted during 
the reigns of Henry the Second and Richard the First, 
evinced, in its early stages, no other deviation from the 
Norman than that of the arches being pointed ; but these 
were frequently introduced in situations where the old form 
was actually built with and even surmounting them. Thus 
we find them in the choir of the church of St. Cross Hamp- 
shire : the lower arches here are pointed, whilst the arcade 
above, as well as the clerestory, is strictly Norman : the same 
arrangement exists at Malmsbury abbey church, with the 
exception of the upper story having been built nearly two 
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centuries afterwards. In the transept of Bomsey church, at 
the west end of Croyland abbey church, Lincolnshire, and 
in many other instances, the pointed arch is placed beneath 
the semi-circular ; and this has not been an after alteration, 
but is really the original work. The span of the arches at 
this time became greater, the columns higher and less 
massive, and the capitals began to be ornamented with a 
kind of foliage terminatmg in a volute or bulbous leaf.* Tlie 
columns were frequently octagonal in form, and the bases 
had additional mouldings with an overlapiog ornament at 
the angles, and were placed upon square plinths. 

Although the alteration of the arch and diminution in the 
massiveness of the columns were at first the only indications 
of a transition from the style of the Xormans, yet other pecu- 
liarities, which followed iu gradual succession, bear testimony 
to the certain progress that was being made towards a more 
ornate and lighter style of architecture. The mouldings were 
more generally beaded and less massive, yet the use of the 
zig-zag, of various forms, was still retained. The columns 
of the doorways were frequently banded in the centre, and 
placed quite free in the receding angles and splays. 

Examples of this period may be instanced in many of tbe 
Norman, as well as Early Pointed buildings : the great west 
tower and south wing of Ely cathedral are especially 
deserving of attention. Perhaps no finer specimen than this 
exists in the kingdom : the pointed arch, the trefoiled head, 
and other features of the next period in this example, here 
just begin to appear, although tbe whole aspect is decidedly 
Norman. The vastness of the surfaces, which are completely 
covered by arcading and sculpture, both within and without, 
from the ground to the very roofs, is almost bewildering to 
tbe eye : the date is about lltO.f Buildwas abbey, Shrop- 
shire ; Malmsbury, Kirkstall Fountains, and Croyland 
abbeys : the churches of New Shoreham ; Eutland, North- 

♦ The eastern part of Canterhnrj cathedral ilinstrates these pecnlmritiea. 

•J-Paleys ‘ Manual of Gothic,’ p. 68. 

9 
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amptonsliire ; Walsoken, Norfolk ; Ketton, Rutland ; Blox- 
ham, Oxfordshire ; Little Snoring, Norfolk ; retain portions 
of the work of this date. Trinity chapel, and the circular 
part called Becket’s Crown, Canterbury cathedral, built a. 
D. 11 "15, are very interesting : St. Joseph’s chapel, Glaston- 
bury, erected at this period, is perhaps the richest specimen 
now remaining of the Semi-Norman, or Transition style, and 
remarkable for the profusion and beauty of its sculptured 
detail, as well as the close resemblance it presents in many 
parts to the succeeding styles.*- 

It has been usual to date the introduction of the Pointed, 
or what has been denominated the Early English style, f to 
about A. D. 1200, although the vertical principles from which 
it sprung were not fully developed for thirty years afterwards. 

The lancet, as well as the equilateral shaped arch, were 
used at this period. The mouldings in general consist of 
alternate rounds and deep cut-hollows, producing a strong 
effect of light and shade : the tooth ornament is of frequent 
occurrence and used only in architecture at this date. 

The features of this style which principally distinguish it 
from all others are, the lancet windows, the thin isolated and 
clustered shafts, the buttresses and pinnacles, the foliage, the 
mouldings, and the sculptured ornaments and figures ; all of 
which must be studied with care in order to understand and 
appreciate fully its peculiarities, and will be found generally 
to determine the dates of the churches. The windows are 
of various kinds in the early period : the lancet windows, 
long and narrow, of one light, were most frequently used, 
with merely a small splay on the outside, and without any 
label moulding ; afterwards they were surmounted by labels, 
which, being continued horizontally from window to window, 
formed a string-course between them. Two lancet windows 
under a single drip-stone are sometimes met with, but in the 
most beautiful specimens of this arrangement the jambs and 

♦ Bloxam’s Gothic, 

f This, as well as the Perpendicular, or Late Pointed, is peculiar to our country, 
,&s nothing similar is to he found in any buildings abroad. 
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the pier between the openings are ornamented with slender 
shafts, crowned by moulded capitals, and snrmonnted by the 
mouldings of the arches, over which, are moulded double 
labels The next arrangement is that of a triplet, or a 
combination of three wmdows together, that in the centre 
being higher, and in some cases larger than those at the 
side : the arrangement of columns in front of the piers and 
on the jambs, as well as the arch and label mouldings, is 
similar to the last noticed. These windows, in the smaller 
parochial churches, are most frequently placed at the east 
end of the chancels, and are only splayed, or very slightly 
decorated with mouldings. The combination that next 
demands our attention, in consequence of its evincing the 
germs of another class of Gothic architecture, and by its 
being the first approximation towards the introduction of 
tracery in the heads of windows, is that in which a part is 
pierced over a double lancet window, comprised within a 
single drip-stone. Circular wmdows were frequently intro- 
duced during the prevalence of this style, and were inserted 
above other windows within the angular part of gables 
The doorways of this style vary considerably both inform 
and in the arrangements of the arch mouldings and the sup- 
porting columns : in some cases the columns are single de- 
tached'" shafts, placed in a receding angle, whfist in others we 
find them in three or four receding spaces, and sometimes 
connected by bands or otherwise moulded : the upper mould- 
ings of the kpitals were mostly continuous, and from them 
sprung assemblages of small bead and hollow mouldings, in 
which the tooth ornament was frequently introduced. In the 
cathedrals and large conventual churches we meet with double 
doorways, divided by clustered columns or ornamented piers, 
and endosed by a two-centred arch ; the space above the 
openings being filled either with sculptured figures and 
ornaments, or else by moulded quatrefoiled tracery. In some 
of these the heads of the openings are cinqnefoiled, and 
richly decorated with mouldings and sculpture. 
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The pillars usually consist of small shafts (often of Purbech 
marble), arranged round a circular pier, and connected by a 
band of mouldings at half the height of the shafts, and at 
the capitals and bases : others of different kinds are to be 
found ; a circular or octagonal pillar is common in country 
churches, which is crowned by moulded capitals, in which the 
nail-head and tooth ornaments, and also the rich flowing 
foliage of that style, are used. The buttresses of this date 
were often very prominent, and are frequently carried, with 
occasional weatherings, to the tops of the parapets, and 
terminated either by high pyramidical cappings, or else by 
acutely pointed pediments. Buttresses at this period were 
seldom placed diaganolly at the angles of the buildings, 
although such disposition in the succeeding style was very 
general. The angles of the buttresses were frequently 
chamfered, or else small shafts, not projecting beyond the 
face, were introduced. The carved foliage is very remarka- 
ble for boldness of effect, and was much used in capitals, 
brackets, bosses, crockets, and spandrils; it was often so 
much undercut as to be connected with the mouldings and 
backings only by the stalks and edges of the leaves. There 
is generally a stiffness and mannerism in the combinations of 
the sculpture of this era, but the effect of it is almost always 
so beautiful, that we overlook its unreality in the great flex- 
ibility and freedom both of the conception and execution. 
The prevailing leaf is a trefoil ; this was also used to form 
the crockets, which had their origin in this style. 

“The Decorated, or Geometric Middle pointed style,” 
dates from a. d. 1214 to 1311, during the reign of the three 
Edwards. 

The Decorated style is of two characters, which can be 
easily defined by the nature of the traceries of the windows, 
and should be denominated “ early and late decorated.” In 
the former, the geometrical figures prevail, consisting of 
combinations of circles, trefoils, quatrefoils, cinquefoils, and 
triangles. It is remarkable for the harmony of its forms 
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The tracery and cnspings were fully deyeloped; and the 
nniting of several openings as a whole under one arch, or a 
succession of concentric mouldings, marked an evident devi- 
ation from the arrangement and principles of the Early Eng- 
lish architecture. This Geometric Middle Pointed style may 
be considered to have been in use until about a. d. 1327, or 
the beginning of the reign of Edward the Third, when the 
compositions of the windows seem to have undergone a 
change, and the flowing or wavy lines succeeded, producing 
an almost endless variety of combinations. At the period 
to which we now refer, viz., from 1327 to 1377, the archi- 
tecture of this country may justly be considered to have 
attained its greatest excellence, both as regards graceful 
proportion and a luxuriant profusion of beautiful ornament 
and mouldings. By very gradual progression, and almost 
imperceptible changes, had these principles of graceful de- 
sign and unequalled beauty of execution been arrived at; 
and it cannot be denied but that the architectural art of this 
period was neither equalled nor surpassed in any other coun- 
try or in any age. 

The general plan of ecclesiastical and monastic buddings 
of this era was little marked by any deviation from that 
which preceded it: any change in the arrangement is to be 
attributed more to the requirements of the situation than to 
any alteration in the principles. To the details and parts 
of the combinations we must look for the distinguishing pe- 
culiarities. Throughout the century during which this style 
prevailed, the same kind of arch was generally used, and was 
either equilateral, obtuse-angled triangles, or segmental in 
form. The mouldings consisted chiefly of quarter or three- 
quarter rounds, with fillets, and in small churches double 
recessed splays alone were used: the deep hollows and unfil- 
ieted beads of the former style were quite discontinued. 

The piers of this period, on which the nave arches rested, 
were frequently composed of half or three-quarter cylindrical 
shafts, which in some instances had small filets at their 
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greatest projection, and in others smaller shafts or filleted 
mouldings were placed at the junction of the large shafts : 
this arrangement differs from the Early English in the col- 
umns being more closely united. The octagonal, cylindrical 
and circular pier is more generally to be found in small 
churches. The capitals are more frequently bell-shaped, 
crowned by quarter-rounds, fillets, and other mouldings, and 
having at the lower part a beaded or chamfered astragal. 
In the richer instances, or in large churches, the capitals 
were either numerously moulded, or ornamented with light 
elegant foliage, distributed completely over all parts of the 
capital but the abacus and the astragal; figures, battlements, 
and the ball-flower were frequently introduced on it. The 
bases of the piers differ from those of the preceding style, in 
their being composed of two or more small round mouldings, 
with either a quarter-round or hollow below, and beneath it 
a splay or curved moulding was sometimes introduced. The 
ogee form was in some cases used, but it more frequently 
denoted a later period. In plan, the base mouldings take 
various forms, not always following that of the shaft, but 
changing from the circular to the octagonal, and from the 
octagonal to the square. 

The windows of this style, as we have before stated, differ 
from those of the Early English style, in having their open- 
ings connected and blended together either by geometrical 
or flowering tracery comprised under two-centered arch 
mouldings. They are generally large and of good propor- 
tion: those which were placed either at the east or west 
fonts, or at the transepts, varied from three to seven lights 
each, and were divided by mullions, which at the springing 
of the arch branched out either into geometrical or flowing 
combinations. The great variety of the traceries in windows 
of this style renders their description extremely difficult. 
In the best and most perfect instances, we find a principal 
and subordinate arrangement;* the extreme mouldings bound- 
ing the general forms, whilst the secondary or inside mould- 
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ings mark the disposition and form of the lights. It is 
scarcely necessary to observe, that these harmonious arrange- 
ments of flowing hues were not produced solely from a cor- 
rect perception of beautiful forms, but were grounded on 
that consummate skill and mathematical knowledge for which 
the freemasons of this country were so eminent Square- 
headed windows were very frequently employed, both in the 
aisles of the smaller churches and in the clerestories; in many 
of them the ball-flower is inserted into the hollows of the 
jambs and along the top mouldings, and sometimes it is 
introduced iuto the under mouldings of the label. Seg- 
mental, flat-beaded and circular windows were likewise used. 
Windows of triangular form, haring the sides curved and 
filled in with tracery, are likewise peculiar to this date, and 
either used to fill up the angle of the gable or in clerestories. 
Square and diamond-shaped windows are sometimes intro- 
duced in churches of this period. 

The buttresses of this style are more varied in form and 
disposition than those which preceded: in the smaller build- 
ings they are generally of two stages, and frequently finished 
by gable-headed terminations, sometimes adorned with 
crockets and finials. A gable is sometimes introduced at 
the middle weathering, and at the top there is only a succes- 
sion of weatherings or moulded water tables, with a splay 
and half round moulding at the nosing or greater projection. 
Traceries and panels are frequently sunk within the faces of 
the buttresses of the large ecclesiastical buildings. Xiches 
were likewise made in some of those attached to parochial 
churches. Except in large buildings, where the buttresses 
have pyramidical tenmnations, the gable heads are not car- 
ried above the parapets. In many cases both the heads and 
set-offs are weathered and splayed without enrichment: the 
buttresses of this date were placed at the angles, or diagon- 
ally with the faces of the walls. Flying buttresses were also 
used. 

The niches of th^ penod were generally surmounted by 
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canopies of a pedimental or ogee form. The parapets were 
pierced with trefoil and qnatrefoil openings. Gurgoyls, or 
grotesque figures projecting from the walls, were first em- 
ployed to conduct the waters from the gutters Concerning 
the other minor details, we cannot now speak. 

TTe hare now reached the third ^period of the pointed 
stplef which may be dated from the latter j)art of the four- 
teenth century to the commencement of the sixteenth, or 
early in the times of Henry the Eighth. The general pecu- 
liarities of the fully developed style of the fifteenth century 
are chiefly visible in the increased expansion of the upright 
and square tendency of the tracery of the windows, the 
gorgeous, fan-like tracery of the groinings, the four-centered 
arches and horizontal lines of the doorways, the excessive 
decoration of the wooden roofs, and in the decoration of 
heraldric enrichments and color. 

The next class is “ The Castellated and Domestic Buildings 
of England, from the jS’arman to the Twdor Times The 
buildings of the Anglo-Saxon nobility, as well as those of 
the burg^ses and common people of England, were of a very 
humble character, and consisted of timber covered with reeds 
and straw: the former, says William of Malmsbnry, “ squan- 
dered their ample means in low, mean dwellings.” On the 
settlement of the l^onnans after the Conquest, the kings, 
nobility and prelates erected large and magnificent palaces 
or castles; and the barons were equally jealous in raising 
fortified castles, as were the priests in erecting fortified 
buildings. This change, like all others in the art of 
building, was the result of necessity: the ISTormans found, 
that although they had conquered, and intended to retain 
possession of the country, yet they were surrounded by vas- 
sals by whom they were detested, on account of the plunder 
and subjugation to wMch they were compelled to submit. 
Boriiig the reign of Stephen, from 1135 to 1154, no less 
than 1115 castles were raised from their foundations. An 
eminence near a river was the situation usually chosen: the 
boundary walls were often of great extent, and in plan very 
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irregularj their fonn being regnlated bj the natiire of the 
position, or levels of the ground: the whole was surrounded 
bj a broad ditch, called the fosse, w^Mch could be filled with 
water when required. The most advanced work beyond the 
fosse was the barbican or watch-tower; it was placed before 
the drawbridge and principal entrance, as a protection from 
sudden assaults: these outworks were of great strength, and 
so planned, that if the gate was forced, those within could 
still annoy the assailants from the turrets and embrasures 
during their attack on the drawbridge entrance. Within 
the ditch wms a wall of great strength, frequently from 8 to 
9 feet in thickness, and as much as 30 feet in height; towers 
were placed at the most commanding or principal positions 
of it, in which the principal officers of the castle resided: 
inside of the wall were the apartments for the retainers, ser- 
vants, as w'ell as storehouses and necessary offices. On the 
top of the wail was a platform extending the whole length 
and over the towers: the side towards the ditch was pro- 
tected by battlements. The great gate was flanked on each 
side with a square or circular tower, and above the gateway 
were rooms which communicated with those in the towers. 
The mode of protecting this entrance was by a portcullis, or 
framework of wood faced with iron; it was fixed in a groove, 
and was raised or lowered by machinery; behind this were 
massive oak double doors, which were either covered with 
iron or large nail-heads. Within the external wall was a 
large open space or court, containing the chapel: in some 
instances another ditch or wall enclosed an inner court or 
balliam, where the dungeon or keep was placed. This great 
tower, the principal stronghold of the castle, was built on 
the most elevated spot, some^times on an artificial mound, 
and varied from four to five stories in height. The walls 
were of great thickness, and in them the passages or stairs 
were built: the openings were small, and admitted but little 
light into the apartments. This buOding was used as the 
resideiice of the owner, or constable of the castle, and was 
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provided with nndergroimd vaults for the confinement of 
prisoners. On the second floor was the state room or hall for 
entertainmentj as well as a chapel. This mass of masonry 
was made to contain provisions and ammunition for a long de- 
fence, in the event of the rest of the castle being taken : the 
well was usually in the centre of the tower, and had openings 
to each floor. ^ The only admission to this tower was by a door 
at from 15 to 20 feet from the ground, approached by a steep 
external staircase. The whole of this strong building was 
surmounted by projecting battlements and machicolations, 
through the openings of which arrows, stones and other mis- 
siles were thrown on the assailants. In the beginning of the 
fourteenth century, the habitable began to change into the 
castellated mansion. 

The Domestic and Civil Architecture of England of the 
Tudor and Elizabethan periods, differ from the preceding in 
its applicability to domestic as well as ecclesiastical structures. 

In the ornamental domestic architecture of the fifteenth 
and sixteenth centuries, generally designated Tudor, (there 
are very few examples before that period,) we perceive the 
same style as that of the ecclesiastical buildings applied to 
another class, where, although the parts are somewhat differ- 
ently composed, the style of ornament and detail is essen- 
tially the same. Some features, such as doorways and 
porches, are very little altered from those of churches; while 
others, unknown to the latter class of buildings, such as 
chimneys and projecting windows, became highly character- 
istic and decorative in this. Oriel and hay windows are 
peculiar to this style: these terms are often used indiscrimi- 
nately; — ^the former of these project out in the upper part 
of the building, and overhang that below, being corbelled 
upon mouldings splaying downwards on every side : the latter 
may be similar in openings and ornament, but they rise imme- 
diately from the ground, and are connected with the building 
by the base and string-course mouldings. Oriels are both 

* These at Eocliester smd Conisburg are stili existing. 
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single and compoimdj tliat is, are eitlier confined to one of 
tlie upper fioors of the biiilding, or carried up tiirongli ail 
its stories. 

Altiiongli chimneys had been long inYented, and were 
mncii in use for other rooms, our ancestors do not appear tc 
have introduced them generally into their halls until the 
end of the fifteenth or the early part of the sixteenth cen- 
tury. The previously open hearth, on whieli the fire was 
made, was in the centre of the hall, and the smoke escaped 
through the louvre lantern in the roof: about this period 
they were added to many halls of an older date. 

The general plan, as we have before observed, of the 
larger mansions of the Tudor period was quadrangular, con- 
sisting of an inner and base court, between which stood the 
gate-house: on the side of the inner court facing the en- 
trance, the principal apartments were placed; these consisted 
of the hail, the chapel, the great chamber and dining-room, 
and were connected with a gallery for amusements, running 
the whole length of another side of the quadrangle. 

The great hails in the palaces, mansions and colleges of 
this period were extremely lofty, &equently predominating 
over the surrounding buildings: the ceilings and roofs were 
very boldly constructed aud elaborately ornamented. 

The reign of Elizabeth is remarkable for the introduction 
of a style of domestic architecture more systematic in plan, 
more commodious in its arrangements, and imposing in its 
effects, than any preceding. Up to this period the mansions 
of the nobles were only one story in height, and in plan 
greatly deident in the requirements incidental to the im- 
proved social condition. Indeed, the domestic architecture 
under Elizabeth had assumed a more scientific character, and 
we have ample evidence that no building was now undertaken 
without the previous arrangement of a well considered plan 
Books on the arts of design and construction were now pub 
iished, and arcMteets had begun to act upon a system in the 
constnietioii of the palatial houses of the aristocracy. Thf 
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principal deviation from ttie plans of the Tudor houses was 
in the frequent introduction of bay windows ; the improve- 
ment in the galleries, which were now generally lofty, wide, 
and more than 100 feet in length; that of staircases, from 
being small and mconvenient, to occupying a considerable 
portion of the mansion, and communicating with the entrance 
or staircase halls of spacious dimensions. The exteriors of 
the porticoes were greatly enriched with carved entablatures, 
columns, pilasters, hgures, armorial bearings, and every 
variety of device which the most fantastic imagination could 
supply. 

To houses of this date, terraces of great grandeur were 
generally attached, connected with each other by broad 
flights of steps; — they were bounded by richly perforated 
parapets or balustrades. The windows retain more of the 
Gothic character than any other feature; they were divided 
by mullions and transoms, although their height, as well as 
width, was generally much increased: in some examples there 
are three or four tiers of openings, diminishing in height as 
they ascend. 

The Italian Orders are much introduced, but their classic 
proportions not attended to: the columns, pilasters, and piers 
are usually banded in several courses by square blocks, which 
are constantly decorated with diamond or jewel-shaped pro- 
jections: this ornament is of very frequent occnrrence, and 
may be considered as a distinct characteristic of this style. 
The entablatures are more usually broken, either by project- 
ing profiles or scrolled and voluted ornaments. The bay 
windows, parapets, and gables are terminated in general by 
perforated ornaments of either a square, circular, or scroll 
form. 

This singular manner of designing must he examined to 
be well understood: no description can possibly convey a 
Just idea of its complex forms and elaborate ornaments. 
There is perhaps no class of English architecture more com- 
pounded of inconsistencies, defects, and beauties, than this 
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mixture of Gothic and Italian; but to be properly appre- 
ciateclj it should be studied with a mind unbiased alike by 
the tendencies of a previous education and the indiscriminate 
ing caprices of fashion The application of this style to 
country mansions is unquestionably not to be equalled by 
any other, as its varied forms of jDlan and outline wull either 
harmonize or contrast beautifully with scenery of any 
description 

One of the most celebrated architects of the reigns of 
Elizabeth and her successor was John Thorpe, who designed 
and erected most of the principal palatial edifices of the 
time. The general form of his plans is that of three sides 
of a quadrangle, and the portico in the centre. When the 
quadrangles were used, they are surrounded by an open 
arcade or corridor Bernard Adams and Lawrence Brad- 
shaw, Eobert and Huntingdon Smithson, were also eminent 
architects of this period. 

The plaster ceilings of the Elizabethan date are particu- 
larly deserving of attention, on account of their richness and 
beautiful arrangement : the fire-places, paneling, cornices, 
friezes, and ornaments of the principal apartments, were ex- 
tremely varied, and generally good in design. 

The early part of the seventeenth century, during the 
reign of James the First, is the period of the introduction of 
unmixed Italian architecture into England: it is to be attri- 
buted to the genius of Inigo Jones, who, in the early part 
of his professional career, had erected and altered several 
large buildings in the mixed style, which continued to pre- 
vail until his masterly designs of the Yenetian school caused 
a general admiration and adoption of this class of art Lit- 
tle is known of Inigo J ones or his works as an architect pre- 
vious to 1605, when James the First visited the university 
of Oxford, at which time he was employed on the quadrangle 
at St. John’s college, and had been to Italy: from that time 
until his second visit, the buildings on which he was engaged 
were of a mixed or transition character; when, by a careful 

10 
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smdy of tlie works of Palladio, he perfected Ms taste, ripened 
his judgment, and laid the foundation for his future well- 
merited reputation. On Ms return to England he was appoint- 
ed to the office of Surveyor of Public Buildings, and from 
that time Ms fame and practice rapidly increased. 

The numerous works executed by J ones have received, at 
different times, both praise and severe criticism : it must be 
admitted that his admiration of Palladian architecture some- 
times led Mm to adopt plans and arrangements for houses 
not altogether suited to our climate or habits, and to aim at 
a splendor of design, wMch, under the circumstances, could 
not be accomplished. The combination of his windows was 
Italian, and the piers between them were frequently so large 
as to offer too much obstruction to the admission of suffi- 
cient light. Objections have been offered to the height of 
his roofs, and the unmeaning, as well as useless, introduction 
of porticoes in the centres of Ms fagades. The encourage- 
ment received by Inigo J ones was brought to a close by the 
misfortunes of Ms royal patron: art or artists found so little 
favor or encouragement during the time of the Common- 
wealth, that, unmindful of Ms talents, he had to pay £545 
as a penalty for being a Roman Catholic. Disappointment 
and trouble accelerated his death, wMch took place in 
1651. 

The fire of 1666, wMch destroyed nearly the whole of 
London, was the occasion to wMch Sir Christopher Wren 
was indebted for the opportumties of displaying his skill in 
arcMtecture and constructive science. One of his first de- 
signs was that for the rebuilding the city on a regular plan, 
■which unfortunately was never carried wholly into effect, — 
and is the more to be regreted, as we then should have been 
spared the inconvenience resulting from our present bad 
arrangement. The task of r^recting the cathedral of Sk 
Paul and the greater part of the churches in the city was 
intrusted to Wren, whose distinguished talents were fully 
equal to the stupendous undertaking. No architect, before 
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or since Ms time, has possessed such a variety r f knowledge, 
both in design and eoiisrraction: the nialtiplieity and mag- 
nitude of Ms works proclaim the universality of his genius. 
The same hand produced the noblest of modern eatliedrals, 
the largest palace, hospitals, and nimiberless public and pri- 
vate buildings, besides twenty-five churches iu the city of 
Loudon. Great length of days were bestowed on him;—* 
“ he lived to enrich the reigns of several princes, and dis* 
itraced the last of them;’" — (at the advanced age of 86 he 
was removed by George I. from the office of Surveyor Gen- 
eral;) — “he restored London, and recorded its fall;” — ^he 
designed and lived to complete a building which is the boast 
of England and the admiration of the world, of wMch a gen- 
eral description is all that we can give. 

The cathedral church of St. Paul stands on a greater por- 
tion of the site of the old one: the designs were approved by 
Charles II,, and the warrant issued for the execution of the 
works on the 1st of May, 1615. The first stone was laid on 
the 21st of June, 16T5: within ten years the walls of the 
choir and aisles and the north and south porticoes were fin- 
ished, and the piers of the dome were brought up to the 
same height. The highest stone on the top of the lantern, 
which was the last, was laid by the son of the arcMtect, in 
IIIO- The whole edifice was completed in thirty-five years, 
having only one architect, one master-mason, and the see 
being occupied the whole time by one bishop. 

The plan of St. PauFs is a Latin cross, measuring from 
east to west 480 feet; its general breadth on the exterior is 
125 feet, and from the north to the south ends of the tran- 
septs 280 feet. The western end of the edifice is flanked by 
towers on the same plan as the walls, but projecting 27 feet 
beyond the north and south walls, thus making the whole 
width of the fagade 180 feet. The exterior of the building 
consists of two Ordere; — ^the lower, or CormtMan, stands on 
a b^ment 10 feet above the ground, wMch is the level of 
the church, which on the western ride is approached by a 
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magnificent flight of marMe steps, extending nearly the whole 
breadth of the front. From this leyel to the top of the 
entablature, or the whole height of the Order, is 50 feet ; 
and from this to the upper part of the second Order, which 
is Composite, is 40 feet ; thus making the whoie height of 
the body of the church 100 feet from the ground. A mag- 
nificent portico, of the two Orders in height, ornaments the 
western front; the lower story consists of twelve coupled 
columns, and the upper of eight, besides four pilasters ; this 
portico is surmounted by a pediment, on whose tymp^anum 
the subject of the conversion of St. Paul is sculptured in 
high relief. At the ends of the transepts are porticoes, in 
form of a segment of a circle, round which are six fluted Co- 
rinthian columns; this is crowned by a half-dome, resting 
against the wail of the building. 

In the absence of an elevation and section of the dome 
and lantern, it would be nearly impossible to give a satisfac- 
tory description of the constructive peculiarities of this and 
other portions of the building; we must therefore content 
ourselves with only giving the dimensions. The height from 
the pavement to the opening of the inner dome (which is of 
brick- work) is 168 feet, and its diameter 100 feet. On the 
haunches of this dome, at 200 feet from the pavement, rests 
the base of a cone of brick-work, the top of which is 285 feet 
from the level of the church: this carries a stone lantern 55 
feet high, terminating in a dome, and above this is a ball 
and cross. The external dome is of oak, covered with lead, 
and is supported hy horizontal and vertical timbers resting 
on corbels fixed in the brick cone. The lateral thrust of the 
cone and the interior dome is restrained by four tiers of strong 
iron chains, bedded with lead in grooves cut in the masonry 
at the base and at different heights on the exterior of the 
dome. The towers at the extremities of the western front 
are 220 feet high, and ornamented with Corinthian pilasters, 
terminating above the roof of the church in open lanterns, 
and cov 3red with domes. On the exterior of the huildingj 



OF AECHITECTURE. 


113 


die intervals of the columns and pilasters are occupied by 
niches or windows with semi-circular or horizontal heads, 
and crowned by pediments. In the upper Order of the 
north and south sides there are no windows, as it is merely a 
screening wall to the nave. 

This edifice may, for elegance of design, bear comparison 
with any in Europe, not even excepting St Peter’s at Koine, 
though it is far from being so large It must be admitted, 
however, that the interior faces of the wmlls present a naked 
appearance, and require much embellishment from ornament- 
al sculpture before they will harmonize with the richness of 
the exterior A great defect also arises, in the interior, 
from the want of connection, w^hich is caused by the arcades 
interrupting the entablatures. Sir Christopher Wren ap- 
pears to have surpassed all those who preceded him in the 
skill required for raising a building on the minimum of foun- 
dation Some criterion may be drawn of the comparative 
skill employed in the construction of other buildings some- 
what similar, by comparing the ratio between the area of 
the whole plan and that of the sum of the areas of the wdiole 
of the piers, walls, and pillars wdiich serve to support the 
superincumbent mass. To produce the greatest effect by the 
smallest means is one of the first qualifications of an archi- 
tect, and the similarity of four churches affords a criterion of 
their respective merits as to the least amount of solid for 
area 

Wren lived to complete St Paul’s (which cost 
exclusive of the stone and iron enclosures round it, which 
cost ^£11,202): he (bed in 1T23, at the age of 91, and was 
buried under the fabric, — ^with four words — 

SI QUiERAS MOXUMENTUM CIRCUMSPIGE. 

At the commencement of the eighteenth century flourislied 
Sir John Yanbrugh, who built edifices after fashions of liis 
own. 

After him came James Gibbs, who built many churches 
and other buildings; then came Sir William Chambers, the 
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arcMtect of Somerset House and the author of an excellent 
work on civil architecture. 

England to-day practises all sorts, and has no distinctivi 
style of its own. 
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BOOK III. 


CHAPTEE I. 

Definition of Architecture — Its Xeressiiy, Uses and RequiremenU. 

Well building batb. three conditions : Commodity, Firmness and relight.” 

Sm Bmm Wotto.v. 

Abchitecture is the art of well building; in other wofds» 
the perfect adaptation of a building to each of its parts, and 
to the purposes of its building. There is a wide difference 
between the art of Building, and Architecture — but none 
between Architecture and tcg/Z-Building. Ko bnilding is 
well built which does not, in addition to all its utilitarian 
purposes, evince the greatest beauty capable under the cir- 
cumstances, to attract the attention, to exercise the fancy, 
to subdue the passions, to call forth the aspirations, or to 
lazzle with its imposing majesty, as may be most appropriate 

The contemplation of perfection is always the contempla- 
tion of a thing of Beauty. Perfection Is always beautifiil, 
and truly has it been said of Architecture, or well-building, 
that it is “ the art of the beautiful in building.’’ 

The contemplation of a thing of beauty is a joy forever,’^ 
and rightly has Sir Henry Wotton said that “ Delight’’ is 
an inseparable condition of ArcMtecture. That bnilding 
which awakens not in the human breast feeling of pl^sure 
or delight, is not well-building, or ArcMtecture- 

In no civflized country Is the art of true ArcMtecture tes 
Hiideretood or practiced than in the United States. True, 
we have buiiiings wMch are perfect samples of nearly every 
style, eliaracter, and order of arcMteeture, wMch has ever 
been known in any portion of the glol^. But there is a 
Mitimeit too WMiinon Msong Our |»ople, that if 
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it be '' firm or stable,’’' and commodious or conYement, that 
all that is required is had. This sentiment was never learn- 
ed by man from nature, nor does he act upon it in his other 
occupations and pursuits. The rain that descends from the 
heavens to moisten the earth and to nourish vegetation, fails 
not while doing its work to paint the beauteous rainbow to 
please and gladden the hearts of all observers. Our coun- 
trymen should have it impressed upon them that even though 
their buildings be convenient and stable, unless they show all 
the beauteous perfection which the circumstances admit, they 
are neither architectural or well-built. Euildings may be 
sometimes perfectly fitted to their purpose, and yet not only 
devoid of beauty, hut positively hideous and disgusting to 
the eye. There are four points quite necessary to be kept in 
view in Architecture — ^Politeness, Beauty, Expression and 
Poetry. 

1st. Politeness. From the time that selfish Cain, the 
first-bom, beat down as an enemy and destroyed his brother 
Abel, the second-born, to the present day, selfishness has 
been a dominant and degrading principle of manhood. As 
manhood grew in the human breast, so selfishness began to 
die. Step by step may we see man’s exclusiveness expand- 
ing from self to the family, from the family to the tribe, from 
the tribe to the nation, till to-day we see manhood owning 
man for Ms brother. He even does not now consider that 
edifice or structure wel-built which does not, in addition to 
its purposes of utility, po^ssess that beauty which will aw'a- 
ken manly pleasure and delight in the breast of every brother 
man who contemplates it. That selfishness which erects 
building with a single eye to the convenience of him who 
builds them, has died out. The fraternity of manhood 
requires that It must be adorned with beauty, built with pro- 
priety, fitnesS' and order, so as not to offend to the seme or 
tmte of men, but to please, to amaze, or to compliment 
thtm. ^ 

Si, jSwalf Is ever asswiated with perfection, not ornament. 
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The beauty of ^plidty far exceeds the mock beauty of 
g-andy, showy orDamentation. The beauty of simplicity 
never fails to call forth admiration. Beauty is not capable 
of division into its constituent parts — its very essence con* 
sists in its wholeness. Our limits will not permit us to 
follow oer author in his attempt to divide under general 
heads the various parts of beauty. 

3d. E/pressim. Education is not required to feel the ex- 
pressiveness of art: give us the mind wholly nneducated in 
it ; give us the rustic or the child unused to cities, uucorrupt- 
ed by the sight of abused architecture, and he shall imme- 
diately feel in the true art all its intended effects, — shall 
awed by the sublime majesty of the Doric, or raised by the 
fieavenward aspiration of the Gothic temple ; soothed by 
the mild repose of Palladio, and enlivened hy the playful 
fancy of Scammozzi; sobered by the severe purity of the 
Greeks, and relaxed by the pieturesqne riot of Vanbrugh ; 
attracted by the inviting urbanity of the Yicentine villa, and 
repelled by the gloomy frown of the Florentine castle. 
Among pieces of true architecture he shall not need to ask 
which is the temple, and which is the forum. He shall 
know at a glance the festive theatre and the stern hall of 
hoodwinked justice, the modest hospital and the patrician 
palace. He shall not mistake what is public for what is 
private, nor fail to distinguish which buildings are dedicated 
to business, which to pleasure or to repose. All this is ex- 
pressed by art, not conventionaMsm, and is intelli^ble to the 
l»rfeetly arikss^ as weH or better than to him of cultivated 
taste-Ti^nd why? Becmuse the cultivation required dws not 
consist in but in m^nkarmvg the prejudices of a life, 

— in getting rid of the ma^ of falsehood imbibwi during 
ye?ire |»ssed in the prince of an indiseriminate mixture 
and mlsappMeatioa of meij thing that is expressive in archi- 
tectire; the abuse of employing it all alke, for the sake of 
i^rmmmt instead of prGpriei^, fancy mstmi. of 'dian*etioii. In 
the culture ra|inred to feel idghtlj the effecte of this art. 
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tliere is notHng to be learnt, but every tMng to be unlearnt. 
The savage and tlie Mghly cultivated are alike in this 
respect ; or rather, the acme of this cultivation is to approach 
as near as possible to the feelings of the totally ignorant, — 
of one to whom all architecture is new. But to those 
brought up in modern English cities this is perhaps impossi- 
ble, (I do not mean in its perfection, but in such degree as 
to be useful,) so completely must their natural sense of right 
and wrong become in this respect deadened and subverted, 
oy the time their education is complete. 

If there be no differences of expression in architecture, 
then is it no fine art, but a trifle beneath the notice of an 
educated man, and which must soon find its level, by sink- 
ing into the hands of mere constructors and decorators. 

Definite expression, though almost forgotten and become 
a dead letter, in modern English architecture — though 
almost above the reach of the art in its present state — is yet 
not the highest aim of that art, in its complete form. It is 
acknowledged that this, in common with aU the arts of ex- 
pression, presents in its most excellent works a merit or 
merits not to be described or conveyed in any other medium 
than the art itself, — ^moreover, a degree of excellence supe- 
rior to mere expression, because capable not only, like that, 
of reaching and affecting the mind, but also of elevating, re- 
fining, or improving it. 

In the want of a better term, this portion of each art has 
been called its poetry, — very questionable application of 
the name of. one art to express a particular portion of an- 
other. However, we must take words as we find them, and 
content ourselves wdth distinguishing the tMngs to which 
they have been applied. 

Poetry, in its oniinary and strict acceptation, cannot exist 
where there is no language — ^no as.sertian made — ^no story 
told — no idea stated. Now, we have denied to architecture 
the power of doing this. The phonetic arts, vhs., historical 
puntiiig and histori(ml sculpture, may do it : they speak a 
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kogmagfe — -a natural and uniTersal language — and therefore 
may be poetical, in the strictest sense of the word. But 
architecture, like music, has no natural language, and is 
only degraded when it attempts to speak an artificial one 
by means of coaTentional signs. Xothing can be pushed out 
of its proper sphere without being degraded; in a lower 
sphere it is cramped, and its highest qualities stified; in a 
higher, it is equally degraded, because its inability to do 
what is required of it, is exposed. ArcMtectiire is not ex- 
alted by attempts to render it phonetic, — ^to make it serve 
the purpose of a language. 

Where there is no language, there can be no poetry, in its 
strict sense; yet we hear of the poetry of music and of arch- 
itecture ; hence this term must here be taken in a more ex- 
tended sense- It may be understood in three ways; firsi, as 
applying to the untaught portion, or that portion which 
transcends the rules and theory of the art in their present 
state; simndly, as including those beauties or perfections in 
each art, which are not, or have not been, conveyed in any 
other, — consequently, not in words; or thirdly, as applying 
to those qualities by which its highest productions are cal- 
culated to produce, not only a transient emotion, but a per- 
manent effect on the beholder. In either case, the precise 
limit of the application of the word must be vague: the 
lowest production in which any poetry may be considered to 
exist, cannot be exactly pointed out; bnt of its existence in 
the highest efforts of the art, there is no difference of opinion. 

Whoever wanders among the hundred columns of the 
great hal of the temple of Kamac; whoever, by the asast- 
ance of designs or mMels, and of the fragmente in the Brlt- 
isli Mnsemm, restores and rebuilds in his inind% eye, the 
small but glorious temple of the Athenian godde®; whoever 
climbs the rained stairs of the Colosseum, to the edge of its 
arriicial crater; whoever enters the catheiral of Amiens, or 
walks round the exterior of that of Salsbary; whoever 
views any one of these works cff architecture, and finds no 
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poetry in it, most be incapable of discoYering it in any tiling 
else — in nature or in art. 

There is, then, or rather there has been, such a thing as a 
poetry of architecture ; and we may therefore, inciuding this, 
consider the whole aim of “ architecture proper,” apart from 
building, under four heads, — ^politeness, beauty, expression, 
and poetry. It has been the object of the present chapter 
to point out to the reader this fourfold use of architecture : 
hrstj as a courtesy due, from every one who builds, to hu- 
manity, on whose gronnd and in whose sight he builds; 
secmdly, as a further refinement of this courtesy into positive 
beauty, by attention to whatever may please the mind; and 
preference of what may please its higher faculties, before 
that which may please the lower, when they are iucompati- 
ble*j (the justice of this preference constituting the difference 
between right and wrong in art, commonly called good and 
bad taste;) thirdly, as a mode of conveying to the mind defi- 
nite emotions, suited to, and even indicative of, the character 
and general destination of the work; lastly, as a means not 
only of affecting, but of exalting or improving. The archi- 
tecture which attains only the first of these objects is no 
more than a foldt art; when it reaches the second, it be- 
comes an ornammtal art; by attaining the third, (and not 
otherwise,) it gains a title to be considered a Jim, that is, 
an expressive art: in those very few of its productions in 
which the last purpose has been accomplished, does it de- 
serve to be called a h^h, a poetic art. As the first, its aim 
Is to amdimte; as the second, to pka^; as the third, to 
Umck; and as the last, to teach. 
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CHAPTER 11. 

^hctdar and Formal Beauty — First Geaemlization thereon-^ iJmty 
and Variety — Graduation and Contrast, 

It is the natural progress of mstraetion to teach, first what is obvitas an<i per- 
to the senses, and from hence proceed gradaalljto notions hirge, liberal, 
and complete, such as comprise the more refined and higher excel!* nee- in art. 

Sm JusarA RmrjouK?. 

Great difference exists among writers witli respect to 
occuhr and menial pleasnre — some contending that such a 
distinction In fact exists, wMle others deny it, and assert 
that the eje experiences no more pleasnre in contemplating 
one thing than another — that is, eonsMered apart from men- 
tal inferences and associations. 

It would seem, however, that the eye has its choice of 
cahr, for children and savages, in the choice of colors, con- 
salting nothing beyond the immediate gratification of the 
eye, invariably prefer a certain class of colors — those termed 
crude or positive — to another class, those which we term 
dail colors or tones. This is a mere sensnoas preference, 
like that of soand or flavor. 

The discovery of a physical reason for the preferences of 
the eye mast be considered one of the greatest trinniphs of 
indactlve science. It is perfectly known that the difference 
Is the sam in the senses of sight and hearing. The most 
pleasnrable sensations are prodneed by the inconceivably 
r ipid repetition of vibrations or palsations very regnlarly 
or even timed. The dead or duller colors are caused by the 
irfi^mhr vibratioiis. 

The kanmmy of colora, that is, the preference given to a 
jiixtapositim of colore, rather than to that of any other two, 
though equally bright or plea^g when seen separately, 
Hmst be wholly an cwcnlar beaaty; for the mind eannot (by 
the direct evidence of naidded ^nse) discover any rektiem 

11 
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between red and green, for instance, which does not exist 
between blue and green. W e can only say that the former 
harmonize, and the latter do not. As the mind knows 
nothing, in general, about this harmony, the mind can have 
nothing to do with the appreciation of it. *The cause of this 
harmony is : two sets of vibrations which are each regular 
in itself, and which bear a simple ratio to each other, by 
uniting together, form a vibration which is therefore regu- 
lar and musical ; but two vibrations which, however regular 
each may be alone, bear no commensurable ratio to each 
other, will, by their union, produce a totally irregular vibra- 
tion: that is, a noise. There are many nice discoveries — 
perhaps nothing more than theories — concerning the cause 
of harmony of colors. On the whole, it would appear that 
the laws of coloring, as a gratification of the eye only, are 
simply these: 

1. That the more regular the vibrations of any given color 
may be, the more pleasing wOl it be in itself, apart from fit- 
ness or association with others. 

2. That, as these isochronous colors — (colors caused by 
regular vibration) — ^have a more exciting effect on the reti- 
na than those which are of the same brightness but not iso- 
chronous, the repose afforded by a change from the former 
to the latter is also grateful; so that we should follow the 
example of nature’s works, throughout which the sober, 
mixed or subdued toTies are the rule, and the pure or isochro- 
nous cdoTB the exception; for it is a less evil to be able 
to fi.nd excitement, than to be able to find repose. 

S. That variety of coloring is abstractly (without refer- 
ence to fitness, &c.,) more pleasing than monotony, especi- 
ally when the colors that adjoin each other have their vibra- 
tions in a harmonic ratio; that is, when they form contrasts, 
and stifi more when they are varied in intensity or brillian 
cy, or both, as wel as contrasted in quality. 

4- That, as variety is an exciting quality, owing to the 
changes which each point of the retina undergoes 
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the change from variety to sameness of color is required 
for repose; so that here, again, we should imnate nature, in 
which samemss of coloring is the rule, and mnd.y the excep- 
tion; the former being found in all large and grand objects, 
and the latter only in small and scattered organisms. 

Many writers have attempted to apply the liarmonioiis^' 
theory of proportion to the dimensions of buildings, without 
any satisfactory result. 

EqmUiimi or equal-spaced repetUmn is confessedly beau- 
teous. It is adopted in all the higher arts, and leads to the 
rhythm of poetry, or the equal spacing of the windows of a 
palace. 

I believe the chief charm of this quality of architecture is 
to be traced to its expression of courtesy and consideration 
for the spectator. There is another kind of beauty in visi 
Ide objects, which is commonly, but perhaps falsely, supposed 
to speak to the eye; this is that kind of symmetry or unifor- 
mity which consists in an exact correspondence of form be- 
tween the two halves of an object. To distinguish It from 
other kinds of uniformity we will call it the U'7uformiip of 
kalrts. We need hardly observe that it is the most univer- 
sal in its nature, pervading all ranks of organic life, from 
the leaf and the Sower up to man; and all separate and dis- 
tinct creatures, even when inorganic, from a crystal to a 
world. It is to the minor ornaments of architecture that 
we must look for its Illustration, and not to general forms, 
principal members, or any constructive features, because ib 
ness of d^tination, definite expression, and other higher ex- 
cellences, will always, in them, interfere with and shoiid 
prevail over mere formal beauty. 

In analyring such examples of ornamental forms we 
sliail find the chief properties common to them ia al styles, 
to Im those which are here mentioned, vk : — 

1. Mqmai-spiml repditim^ exemplified in al de^ription of 
diaper patterns. 

3. Umiformiip qf hakm; which Bometimes has place not 
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only in one e jection, or on each side of one axis or plane of 
division, but is related to two sueb planes at right angles to 
each other, or to three intersecting each other in a single 
axle, and dividing the object into six equal sectors, or to 
four, five, or any number of such planes, subject to the same 
condition; ail which practices are evidently founded on na- 
ture, in which a smgle plane of uniform division is charac- 
teristic of all the higher classes of animals, and of numerous 
classes of flowers and fruits (the leguminosae, papilionacese, 
&c.,): two such planes, or a double uniformity, though a 
rather uncommon arrangement, is not without example in 
many vegetable objects; a division by three planes, or into 
six sectors, pervades the flowers of monocotyledonous plants; 
a fourfold uniformity, or eightfold division, runs through 
those of the cruciferae, &c. ; and a fivefold belongs to the 
great majority of dicotyledonous flowers, and to the lowest 
or radiate class of animals. 

3. Preference of curves to straight lines. — Every eye pre- 
fers the patterns composed of curves to those composed of 
straight lines, abstractedly, without reference to their situa- 
tion, &e. ; and though every complete style of architecture 
presents ornament or tracery of both descriptions, it is easily 
seen that the rectilinear is introduced always from other 
considerations, abstract beauty, considerations of fitness, 
construction, consistency of character, &c., — or else to give 
value to the more pleasing forms. 

To these principles we may add, 

4. Preference of curves of contrary figure to those which 
have no such contrariety; the flowing tracery of the four- 
teenth century, for instance, to the (so called) geometrical 
tracery of the thirteenth, which is equally composed of 
curv^, but without points of contrary flexure. Every one 
hm heard of Hogarth’s * line of beauty/ — the letter S. 

5. Preference of curves of varying mrvaiure to circular 
ones. The main difference between Greek mouldings and 

ones, between Greek vases and Chirese, is that the 
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former are composed with outlines of continually varying 
curvature, and the latter with circular arcs. 

6. Unity or toimstency of character , — Mixtilinear form or 
ornament is, in general, less beautiful than either that which 
is composed entirely of straight lines or entirely of curves. 
This will be especially the case when several straight lines 
fall together in one place, and several curves in another, be- 
cause then the mixture of incongruous principles is most 
obvious The defect is best counteracted when the straight 
and curved lines are equally distributed throughout, and 
especially when a general principle is seen to govern then 
use, that is, when all the straight parts have something in 
common besides straightness^ and ail the curved parts some 
common quality besides their curvature. The same remarks 
apply to the mixture of circular with variable curves, and, in 
general, to every attempt at mixing different styles of form 
It can succeed only when some new law, that did not apply 
to either of the styles separately, is introduced and made to 
govern their respective use, and thus restore that consistency 
which has been violated by the mixture ; and this law must 
be so extensively applied and strictly observed, as to be 
quite obvious to the spectator at a glance Thus those 
ingenious decorators, the Arabs, wishing to combine the 
beauties and richness of two kinds of ornament, often did so 
without inconsistency by placing them on the same surface, 
but giving them different degrees of relief, or different colors, 
so that one appears superposed in front of the other, without 
interfering with it. The eye can follow each separately, as 
the ear follows the base or treble of a complex piece of 
music 

It is hardly possible to state collectively these proximate 
principles of beauty in form, without being led a step higher, 
to a generalization, which reduces them all to a broader 
principle, though still only a proximate one. This has com- 
monly been stated as the combination of unity with variety. 
It is best explained, perhaps, in the words of Dr Hutcheson, 
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wbo states as aa axiom, (with regard to mere formal beau- 
ty,) that where the uniformity is equal, the beauty of forms 
Is in proportion to their xariety; and when their variety is 
eqEal, their beauty is in proportion to their nnifoniiity. 

Unity or nnifonnity is here taken in its widest sense, as 
meaning oneness of mnf iking, of size, of form, of number, of 
ratio, of suecessioa, of any quality, or any principle what- 
ever: it is, In fact, gynonymous with method, order, kw, or 
eoiMisteacy. It is so far opposed to variety, that they can- 
not exist ti^ether in regard to any one quality. Yet the 
bttatj, of wMch we are now speaking, consists not as some 
most errmmmlj suppo^, in keeping a “ happy mMImn’’ be- 
tw«ii these two opposite prineiples. Such a mle, l^iog 
merely negative, can lead to no positive beauty. This con- 
sists not in the avoidance of both the opposite qualities, but 
in just the reverse of this, in combining >>oth in their great- 
est possible perfection, — In reconciling the extremes of both. 
Of comse, this can only be done by the maintenance In all 
the parts of the c^omposition, of perfect unity in regard to 
some mt quality or cireumstance, with the utmost variety 
In some other qaallty or drcumstaime. This is necessary to 
the display of any bmuty, however sight; bat Its degree 
will l3e iiermfwl la profwrioa to the Bumber of points of 
cO'irespoadeBce or unity, and of points of variety. Hence 
the destgner examiaeR and analyses the varions qualities or 
dremastanees of the |»rts of his design, Is order to iid as 
imay points as jM^ble m which they may i» made to 
resemble each other, or to ^fer. Moreover, the laialier of 
of rireemblaai^, and of points of difference, miist bt 
alwat If the former pre|M)sderate in mmiber, we say 

the deri,gB is wmmicmmM, or wanting in variety. If, oa the 
other iaai, the petals rf varletj are grwtly more muBeroiis 
tlifta tliM rf unity, we i»ll It w waatii^ in char 

mtti (I mM-tmsMMmj.) &iits do not implj m 

»!i»!iite excess of unity la one m variety In the other 
only M exi»» lekriv^y to toe otoar — in fact, k 
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deficiency of that other quality. And it would be well if 
these faults were always so understood, and remedied not by 
rmioiing a point of resemblance in the one case, or of differ- 
ence in the other, but by adding the contrary, — ^by hunting 
out some new point of difference or resemblance, instead of 
abandoning an old one. 

Neither unity nor wariety can ever be carried too far, if, 
for every instance of the one, an instance of the other be 
also found. It is an error to say that, in any composition, 
one of these qualities is in excess: it can never be in abso- 
lute excess: it is the other quality which is in relative defi- 
ciency. 

Let us now illustrate this principle by its application to 
the simplest cases of abstract beauty in nature and in art, 
leaving the reader to apply it to more complex examples. 

It is extremely doubtful wbrether absolute unity, without 
any point of variety, can constitute beauty in any object. 
We have an instance of such a kind in a straight hne of 
equal thickness and intensity throughout its length. There 
seem to be cases where this is admired, as in the sea-horizon, 
in a stratiform cloud, &c. ; but we shall presently show that 
they would not be considered beautiful by themselves, and 
only become so by a relation with their accompaniments. 

The case is very different when the line regularly dunin- 
ishes in strength from one end to the other, as in the per- 
spective image of a railway bar, a distant glimpse of a lake, 
or the sea-horizon in many cases. Here the unity of direc- 
tion, in all parts of the line, is accompanied by a variation 
in strength, and, again, by an unity in the law of this varia,- 
tion. 

Even without this latter kind of unity, a straight line, 
varying in thickness irr^larly, as the angle of an old but 
firm building, is allowed to possess a beauty which it had not 
when new. How different is the edge of a warped brick, 
ot* an ill-founded building, which wants the unity of straight- 
ness. 
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Ad irreg'darlj caruc^d line is destitute of beauty because 
tli€ Tariety " of direction j is obtained only at the expense of 
uiiitj: not so with a circular arc; though the unity of dir&> 
tim is abandoned, there is a substitute for it in the unity of 
cmrvnimrt. It is the simplest of lines that can be beautiful 
ill itself without the aid of varying thickness; for, ’while its 
parts ail vary in one respect — direction, they all agree in 
the rate of this variation, i. e., in curvature. The beauty is 
doubled, however, by a regular variation in thickness; for 
there are now two points of variety, viz., in direction and in 
thickness, and also two points of unity, a constant rate of 
curvature, and a constant late of diminution. 

Bat the eireular curve is the least beautiful of all regular 
curves; for, in all others, an additional kind of variety is in- 
troduced, In the variation of curvature; and an additional 
kind of unity, in the constancy of the law of this variation. 
Without the latter circumstance, no increase of beauty, but 
the very reverse, would accrue from the mere variety ; for it 
would be obtained at the expense of the unity of curvature. 
Thus the varied curvature in the haunches of the Tudor arch 
is generally considered a defect. When similar lawless va- 
riations occur more than once, they produce what is called a 
carve, the ugliest of all lines. 

The circle, then, is excelled in beauty by all other simple 
carves; bat, fortunately, per^dive remedies its defect, by 
renderiBg its ocular image almost always elliptical or hyper- 
bolic * It is a very rare case for the eye to be exactly in 
the axis where the circle can be seen as a circle, and in such 
» case we never hear its beauty admired. 

All other curves besides the circle resemble each other as 
regards the exhibition of unity and variety; and, accord- 
iiigiy, we never hear of any preference given to one more 

* Hbrlm giT^ a parafertSe ©r byper'k^ perspeetiTe Image wben we -dew the 
iateiier a from a pomt perpenaieoMsrlj sBier tbe eireamfertBMS 

of ome of liwkojjtal esrcles Tte Tisible pertlofi of fifs drele wUl tlieii 1» pro- 
a# a paralfok. as*! ail kgrjtr feonsoata! circles lijperlwlaa ; only fhose 
wiiiela are saiffc* tkaa tMs, being men in tlse Hsaal manner « eSUpsea. 
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clian anotherj on account of abstract beauty. Hay iias 
pliowfl tliat tbe most perfect forms of Greek pottery and or- 
nament may be imitated by combinations of elliptic arcs. 
So they might, doubtless, by arcs of any curve of varying 
curvature. The ^arahol/i is admired in cascades and foun- 
tains; the mttmry, in drapery and festoons; the trochoid and 
epitrockdd,^ in penmanship; the logarithmic sjyiral, in shells and 
volutes; and various kinds of elastic curves, in vegetation. 

It may be doubted whether the repetition of similar oV 
jects at equal distances has any beauty except when seen 
perspeetively. It is hardly ever possible (indeed impossible, 
if they be in a straight line) so to view them as to have 
their images formed on the retina, similar and equi-distant. 
Against unity of form and of direction, then, we have to set 
off variety of apparent size and apparent distance apart; this 
variety being still, in each case, subject to an uniform law 
of increase or decrease. There are thus more points of 
unity than of variety ; and, accordingly, a series of this kind 
requires but little extension to render it monotonous. 

If the series be arranged in a regular curve, this deficiency 
of variety is supplied without diminishing the points of nnlty, 
the unity of direction being replaced by that of curvature, 
&c., and thus the beauty is greatly augmented. 

We may illustrate these principles by a figure (a) com- 
pos-ed of concentric circles placed at random, and varying 
iregularly in every thing except their unity of form and 
concentricity. This mn hardly be said to possess any posi- 
tive beauty, though it would be beautiful by comparison 
with a figure In which they were either crippled or not con- 
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and tbe spaces 'between them (as at b,) because this is sim- 
ply sobstitaiiiig (in both alterations) unity for variety, 
whiehj in both eases, we abandon. But in c, the two prin- 
fiples are reconciled, the variety in the intervals being ac- 
companied by the unity of a law regulating them all: thus a 
certalii degree of beauty is produced, which is augmented by 
the introduction of another sonrce of variety in the unequal 
thicknesses, and of unity in the regulation of these also, by 
aa unifomi law. The example n is added to show that it 
matters not how the variations occur, provided there be as 
many points of resemblance as of difference. 

A series of quantities or dimensions, forming a progres- 
sion of any sort, is thus alw'ays beautiful, however complex 
may be the law of the series. But the arithmetical progres- 
sion is l^s beautiful than any other, for the same reason 
that the circular curve is less beautiful than any other. In 
tkis, the direction is indeed continually varying, but always 
at the same rate; and in that, the successive terms of the 
series increase or diminish always by the same increment or 
decrement. Both are improved, therefore, by exchanging 
this sameness (of the curvature iu one case, and the incre- 
ment in the other) for variety, provided this be regulated by 
one uniform law. 

Hence the arithmeti- 
eal spiral Is the least ~ 

fc«autifbl curve of its 
kind, m any one will I I 

pro-bably admit who 
eompares these two examples, a l^ing the ordinary form 
of the Greek lome volute, viz., a geometrical or Ic^ar 
miiinlc q>lral, and b an imitation thereof, as it appear 
in the temple of a “mix^ order, ^ at the Greek colony 
of Selinus, in Sleij. This is the only instance I know 
irf 11 mlnte, a form weH worthy of the bun- 

gler who could design such a pi^e of inconsistency as 
Ionic 'eolmms sapportmg a Doric entablature. ^Nature 
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affords iiistanees of tlie geometrical spiral in e¥erj unl- 
YalTe tliellj — cff the aritkaetk'al spiral in none. 

A- kind of iron fence has lately been introduced, in which 
the horizontal bars are placed at progressively iDcreasing 
distances from the ground upwards. Ii shows how niueli 
beauty may l>e added to an o)»ject without adding anything 
else, except i in this ease ) stability and meehanical fitness. 

Serial progressions, however, hare little place in ardii- 
te» ture, at least in the dimensions of principal parts, because 
equality always answers the same purpose, the equal divi- 
sions being reduced by perspective to a progressional series. 
We have an instance of an actual series of this kind, how- 
ever, in the stories of St. Bride's steeple, which form four 
terms of a geometrical progression ; and any one may easMy 
convince himself that the smallest perceptible alteration in 
the height of any one of them would destroy the beauty of 
the w'hole ; — very different effect from any that Is observed 
in deviations from the ''harmonic projK}rtioEs/’ on which 
some insist and place such reliance. 

All the mcNies of combining unity with variety hitherto 
noticed, may be included under the term Gbxdation. There 
is, however, another mode of effecting this object, on a 
totally different principle. Where there are only two ol> 
jects or parts of one object considered, they may be made to 
correspond in certain respects, and vary greatly, or even as 
much as possible, in other respects ; and this mode of recon- 
ciling unity with variety is termed Contrast. It is evidently 
opposed to gT&dMiim, suce the two extremes are here 
brought ti^ether without any intermediate softening or pre- 
fjaratioa. Consequeiallj there mu be bo compromise between 
t!ie two males of treatment. Whichever the deeper 
niopts in aiy |»rtlciilar c»se, that prineiiie and that alone 
mast l» carried oat. In a carved Mae there b gradation 
t'of directioa), — in the meeting of two ii» at an angle, 
there Is contrast. So aM> in a carved siirfa^ there wii b© 
gr^ktion of light and shade, — In film lawtingof two plana, 
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cciiitrast of tlie same qnallties. In either case, the ronndmg 
off the aijgle would be an attempt to compromise between 
these opposite principles of beauty, and would lead to a 
sacrihce of both, without an equiTalent ; so that we need 
not wonder at this practice never having found favor in any 
style or in any age, however depraved in taste. To this, 
also, we may attribute the absence of the kifperhola from the 
extensive list of ornamental curves. It seems the only sim- 
ple or well-known curve that is banished from decorative 
design, probably from its too near approach to the character 
of an angle rounded off, affording neither the beauty of con- 
trast nor of gradation. 

Contrast, then, consists in a perfect similitnde between two 
adjacent objects in certain respects, accompanied by a wide 
diftTenee in some other respect, or sometimes in two or 
three other respects, {in which cases we may term it double 
or treble contrast, ) but the simple is more common. Resem- 
bl anees are quite as necessary as differences, and indeed must 
be more numerous. There can be no such thing as contrast 
between two things that are altogether different. In most 
contrasts, they differ only in one point, and are alike in 
every other. 

The uniformity of halves derives its beauty from a single 
contrast of the most perfect kind. In the case of a plane 
igare, the two parts are alike in every respect except posi- 
tion. They are repetitions of the same identical form, but 
go placed that we see the front of the one and the back of 
the other. In a solid body they are contrasted also in their 
mode of receiving the light, yet perfectly simOar in form. 

How much the beauty of such forms depends on the first 
mentioned contrast will appear by regarding those few eases 
of uaifonsity of halves, la which this contrast (of front and 
back) is omitted, as In the letters s and z, in which, however, 
the halves have still a contrast of position. But I know of 
BO sat Ural form composed on this principle. 

In cases of aaiformitj related to several planes of division, 



OF AECHITECTTEE. 


nz 

%£. in s":aFMke forms, tlie nnmber of repetitions, or sectors, uf 
similar form, Is always even, and tliej ire liternately re- 
versed, front for back, in every natnra! CAampie. Art, how-- 
ever, in times of depraved taste, introdneed as a novelty, 
forms of this kind in which contrast is neglected, all the sec- 
tors presenting the same side to the spectator. This gives 
always the idea of rotation, whence the expression, a turn- 
ing star or flower. This kind of form, of course, is profier 
for a wheel, but highly improper for any part of a fixed 
structure. Its non-occurrence in nature is sufficient to 
prove its inferiority also as regards abstract beauty. 

Whenever Xature has repeated sectors of similar form, in 
this manner, without alternate opposition, she has supplied 
Its place by introducing another element of variation, viz., 
in size. In this way, the whole class of univalve shells are 
composed, by a number of sectors round an axis, all alike in 
form, but whose sizes form a geometrical progression 

The beauty of curves of contrary flexure (Hogarth’s prin- 
ciple) generally arises also from contrast. Hence it is a mis- 
take to supjHJse that the passage from convexity to eonca- 
Tity should be gradual; that is to say, to say, that the curva- 
ture should continually diminish np to that point of flexure, 
become evanescent at that point, and then increase, as in the 
long italic /. This is what necessarily occurs in all curves, 
that have naturally a contrary flexure: but though these 
are appropriate to many purposes, and have a beauty of their 
own, this is quite distinct from that of the flexures which arise 
from the combination of two curves, and Is much less frequently 
applicable. The former beauty is one of gradation; the lat- 
ter, one of contrast: for as the change from one law of 
curvature to the other must take pla<» at some definite 
po''rit, it mimt be smMm^ and part^e 'Of the nature of 
contrast. 

la examiiiiig instances of this Mud of flexure, it will 
observed that the mere Identlt j of dirmiim In the two curves, 
at tie |M>ist of <»alaet, is not alwa^ 'suffident to prevent 

1 % 
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their appearing disjointed^ — ^tliat is, deficient in nnitj. 
Hence some additional kind of nnity stionld be sought to 
formect them, and this we may find in equality of curvature; 
besides which, the most perfect contrast requires similitude in 
all points except those which are contrasted: whence the con- 
trast of two opposite and positive^ qualities (as convexitv 
aid commit j) will be most perfect when they are botls 
equally remoued from the mean (which in this case is 
straightness); whence w’e may infer thatfne deflexions of 
the two carves from their common tangent should be iiii- 
tlally equal, — that is, their curvatures equal at the point of 
junetion. Accordingly, in examining forms of this kind, it 
mill be found that when faulty, their fault arises from the 
radii of the two curves, at their junction being too unequal ; 
and in the Grecian forms composed of elliptic arcs, by Mr. 
Hay, it will be found that the most graceful bends are those 
in which the two ellipses touch at two points having the 
greatest equality of curvature. 

As the change from one law of cnrvatnre to another must 
always have the nature of contrast, there appears no reason 
why we should seek to diminish this contrast without the 
possibilty of gaining the opposite beauty— that of gradation, 
or continiiitj; for this can exist only where the law is eon- 
tinuoms; or, in other words, where the whole is am curve. 
There appear, therefore, no foundation for the rule main- 
talaed by an eminent architect, that wherever two curves 
unite (not by m angle) it should be by a contact of the 
second order. To explain this, we must observe that lines 
may meet in an infinity of different ways. When they coin- 
die at a point, and have at that point different the 

meetii^ is not ealed a contact, hat a finite angle. When 
they have at the'ir meeting the same diredmm,^ but different 
mrmMrm, It Is called a contact of the first order. Of this 
Mai ii the coataet of one circle w ith another, aid of e circle 

• IM» of M wM«li o*e |g omiy tU negmUm 

mi ; a* aM iMew, ©f ewmtm» mA 
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(or any conic section) witli a straight tangeyd; for the cnr- 
Tatare of this is 0. Contacts of this kind between two 
curves riiiist be either ejrierml, (where their curvatures are 
in contrary directions, that is, one convex towards the same 
side tliat the other is concave, or one “j- and the other ■ — , ) 
or inknwL when both are curved the same way. 

Bat a eoriiaet of the second order requires that the two 
lines shall, at their meeting point, coincide not only in di- 
rection. but in ciirraivre. Hence there can be no contact of 
this kind between two circles, ^for if their curvatures were 
equal and turned the same way, they would coincide alto- 
gether, ) nor between any conic section and its tangent, be- 
cause there is no point, in any conic section, that is desti- 
tute of curvature. But a curve that naturally has contrary 
flexure may form this kind of contact with a straight line 
drawn through its point of flexure {for at that point the cur- 
vature is 0, being at its transition from to — .) Such 
contact may also Ije formed between two conic sections, as, 
for Instance, between any point of an ellipse (not upon one 
of its axisy and its mcuhiory circle, or the circle w’Mch both 
touches and has equal curvature with that point of the 
ellipse. Contacts of the second order are neither external 
nor internal, but always mixed; the curve which is the outer 
one before contact, becoming the inner one afterwards. 

But if the circle osculate the ellipse at the end of one of 
its axes, the contact is entirely exterior to the ellipse if 
made on Its mde^ and entirely interior if made on Its md, and 
in either ease it is that kind of contact which we have calM 
ififerml, one curve being within the other. TMs is a case of 
contact of the this© order, which consists in the two cuttw 
eoincMing not only in dir&dim and in mrvature^ but also in 
the rate of mnatiim of that curvature. This rate is in the 
present case 0 ; for the curvature of the circle is unvarying, 
and that of the eflipse is, at these points, at Its Tiiii.-.YiTni3m m 
mlaimiiia, and therefore neither incremsg nor decreasing, 
bat in the act of |»ssiBg from one state into the other. 
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So, also, when tlie carratures are not only eqnal and vary- 
ing at tlie same rate, but this rate of variation is also fixed 
in botiij or varying at the same rate in both, the contact 
will l>e of the fourth order: and it is obvious that these 
orders may be extended ad infinitum. We may add, that 
all contacts of an even order mnst be mixed, and all those of 
an €dd order must be internal or external. Hence, in so 
uniting two curves as to form a line of beauty,’^ or contrary 
fiexnre, the contact can never be of the second or any stem 
order. 

Tiie abandonment in architecture, therefore, of contacts 
of the firet order, would lead to no little complexity in the 
curves. Even in the simplest case, — that of the junction of 
a curve with a straight line, (as at the springing of an arch 
from its pier, — we should have to banish not only the circle, 
but every conic section, and use some more complex curve, 
such as should have a point of infinite radius {i. e., of con- 
trary flexure, if continued) at the sprin^ng. These are not 
only »nmmsMr% but, I will venture to say, refinements. 
By attempting to conceal the change from one line to an- 
other, as if it were a fault, they tend to make It appear one. 
'Sow, if it be a fault, it can never be obviated in this way ; 
for if the contact were even of the hundredth order, it would 
still be ao abrapt change from one law of curvature to an- 
other, or 10 straightness. Hiat which must be abrupt, is 
better made as ^rfect a contrast as possible, and not as im- 
perfect as possible. The error has arisen from inattention 
t# the fact that there are two kinds of contrary flexures, the 
me owing its beauty to gradation, the other to contrast ; 
that the fiist eai only exist where there is an unbroken con- 
timiity of law, — that Is, where the curve on both sides of 
the flexure Is «» carve ; and that, whenever there are twa^ 
m there mast some contrast, It should l» made as com- 
piete a contrast as possible, by uaklng the contact always 
of the first order ; always exierml^ and the wntrary curvar 
taimj at their jimctloii, «|ud. 



OF ARCHITECTTHE. 


137 


If these Tiews of coTTilioear form be rigfit, it will follow 
That all internal contacts, and all osculations (or contacts 
of aiij order above the first, ’i are to be excluded from orna- 
inenta! design. This would condemn the Tudor arcii; for in 
that form the cliaiige of curvature is always made by an 
iiiiernal contact of two circles: and thougii it was a capital 
invention for its purpose, as we shall see in a future chapter, 
and the best that could be expected of a school of masons 
who appear to have been acquainted with no curve besides 
the circle: yet its obstinate retention at the present day, (to 
the exclusion of the far more fit and perfectly graceful curve 
of the parabola, ) only shows architecture, whether as an art 
or a science, to be at least three centuries behind the rest of 
the world- 

The object of this chapter has been to consider the nature 
and laws of those kinds of beauty in architecture which be- 
long to colors and to forms abstractedly ; or regarded apart 
from the things to which they may be applied, and conse- 
quently without reference to their destinations; or to the 
beauties of expression, definite character, or fitness. The 
tH^auties here treated of are those to which Mr. Fergusson 
gives the term msthetic, or sensuous, but it has been here 
attempted to be shown that this term applies, in strictness, 
only to the beauties of color, and that those of form are 
always addressed to the mind, though they constitute the 
lowest class of excellences so addressed ; ana in as far as 
they make no attempt at definite expresion, or the excite- 
ment of a definite emotion, do not, according to the views 
exfdaiiied in our foriiier chapter, entitle the art in which 
they are found to the appellation of a Fine Art. 


CHAPTER HI. 

Bifferemi kmi% of SuMimity, and of Fid»r^mam^ 

Their Ckuracteridia. 

It is the busis'ess of good taste to estimate each Mad of 
beauty or excellence in its true relative value, so as never t# 
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sacrifice a iigher beauty to a lower, or one more nearly ap- 
proacbiDg to the merely sensual, but always the reverse. 

As the merely sensuous must always give place to the 
intellectual, where they are incompatible; so must all the 
beauties mentioned in our last chapter, not merely those of 
color, but those of nnmeaning form, gradated and contrasted 
curvature, give way, when necessary, to those of definite 
character and fitness. 

The first and most obvious distinction of character in 
beauty of every kind, is into what may be called the bold or 
powerful, and the gentle or delicate styles of beauty. The 
bull and the stag, the oak and the palm, the rocky mountains 
and the swelling Mils, the heroic and the pastoral poem, the 
Hercules and the Ap^ollo, the painting of M. Angelo and that 
of Titian, — these are a few examples from the different de- 
partments of nature and art, that wEi Eliistrate the distinc- 
tion here alluded to. 

It is hardly possible not to observe that these two oppo- 
site kinds of beauty in visible objects are connected with two 
opposite qualities of outline, or rather two principles in the 
eompcBion of foniiB. With r^ard to the former or more 
partial view of the subject, Alison says, “ Simple foms, then, 
may fee considered m describe either by angular or winding 
iiaes. These different forms seem to me to be connected in 
oar miads with very different asswiations, or to be expressive 
to us of very different qualities. I shall beg leave to men- 
tion some of these, without preteBding to a complete enume- 
ration. 

i. The greater |mrt of those bodies in nature, which 
pKSt-ss lifirtliiess, strength, or durability, are distingaislied 
by aiigahif forms. The greater part of those bodies, on the 
eoairary, which |»ssess weakness, fragility, or delicacy, are 
iistiijgulslied by windiiig or curvillsear fonas. In the mineral 
all rocks, stones, and metals, the hardest and most 
liambk" Isnh-s we know, assume uBiversally angular foimis 
In the Tcgetiihie Mngdoia, all strong and durable piantB are, 
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:n general, dktingnislied bj similar forms.^^ [He might have 
said gIug^s^ in tlieir principal or stmctnral parts.] “ The 
feebler aod more delicate race of vegetables, oa the contrary, 
are mostly distinguished by winding forms. In the animal 
kingdom, in the same manner, strong and powerful animals 
are generally distinguished by angular forms ; feeble and 
delicate animals, by forms of the contrary kind.” To this 
might be added the example of the human figure, in 
which, as every beginner in drawing knows, the masculine 
outlines are those which always present the nearest approach 
to angularity, — the feminine, most roundness and contrary 
flexures. 

The same author continues — “ 2. In all those bodies whijh 
have a progress, or which grow and decay within our ob- 
servation, the same character of formis observable. In the 
•vegetable kingdom, the infancy or youth of plants is, in 
general, distinguished by winding forms. The infancy and 
youth of animals is, in the same manner, distinguished by 
winding or serpentine forms • their nature and perfect age, 
by forms more direct and angular. In consequence of this 
connexion, forms of the first kind become, in such eases, ex- 
pressive to us of infancy and tenderness and delicacy ; and 
those of the second kind, of maturity and strength and vigor. 

“ 3. Besides these very obvious asS'Ociations, It is also to 
be observed, that from the sense of touch, angular forms are 
expressive to us of roughness, sharpness, harshness ; winding 
forms, OB the contrary, of softne^, smoothness, delicacy, and 
fineness ; and this connexion is so permanent, that we imine- 
diatelj infer the existence of these qualities when the bcMiiea 
are only f^rceived bj the eye. There is a very strong asaiogy 
between such qualities, as perceived by the sense of touch, 
and certain qualities of mind, as, in al kngaages, such quali- 
ties are expressed by terms drawn from the perceptions of 
the extenial sense. Such forms, therefore, when presented 
to tie eye, met only lead us to infer th«Me laaterlal qualities 
wMcli are j^reeived by the sei^ of toaA, but, along with 
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these, to infer also those qualities of mind which from analogy 
are signified by such qualities of matter, and to feel from 
them some degree of that emotion which these dispositions 
of mind themselves are fitted to produce. In all languages, 
figurative expressions of a sinailar kind will be found ; and 
whoever attends either to his own feelings, or to the mean- 
ing which men in general annex to such words in applying 
them to forms, will, I believe, be convinced, that the emo- 
tion which they signify, and are intended to signify, is found- 
ed upon the associated qualities, and very different from the 
mere agreeable or disagreeable sensation which the material 
qualities alone convey. 

“ 4. The observations which I have now made relate prin- 
cipally to simple carves, or to forms in which a single curva- 
ture takes place, as the curve of the weeping willow, of the 
young shoots of trees, of the stem of the tnlip, and the lily* 
of the valley. There is another species of form, commonly 
distinguished by the name of the winding or seipentine 
form, in which different curves take place, or in which a 
coatinuetl line winds into several curvatures. With this 
form I apprehend we have another and a very important as- 
sociation, I mean that of ease. From what cause this asso- 
elatioB arises, I will not now stop to inquire ; but I conceive 
every one must have ohservd^ that wherever we find vege- 
tables or any other delicate or attenuated body assume such 
a fom, w'e are Impressed with the convict ion of its being 
easy, agreeable to their nature, and free from force or eon- 
strmint. On the contrary, when such bodies, in the line of 
tlieir progress, assume angukr forms, we have a strong im- 
pression of the Of«ratioa of force, of something that either 
prevents them their natural direction, or that constrains 
them to assanie ta unnatural one. That winding forms are 
til® expressive to us of volition and ease, and angular forms 
of the operation of force or constraint, appears from a singu- 
lar circiiiiistaiice ia language, viz., that, in general, al the 
former iireetloiis are expresi^ hj verte in the active voice. 
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—a rirer wiiirls, a vine wreaths itself about the elm, a flower 
bends, kc ; while on the other hand, all directions of the 
latter hind are ex])re^sed in general by the passive voice of 
verbs.'’ [The oak gnarned, the river is suddenly deflected, 
the stem is contorted, <hc.] ‘‘ I believe, also, I may appeal 

to the obverviitioii of the reader, whether from the winding 
of a river, of the ivy, or of the tendrils of the vine, he has 
not an iniprte^^ioii of ease, of freedom, of something agree- 
able to the oi/ject; and wdiether in the contrary forms, in 
such cases, he has not an impression of uneasiness fi’om the 
conviction of force having been applied, or some obstacle 
having occurred to constrain them to assume a direction 
unnatural to them In general, therefore, I apprehend that 
winding or serpentine forms are expressive to us of ease, and 
angular forms, of force or constraint ” 

Nature’s general mode of expressing strength and the more 
exciting qualities being by angularity ; and her general mode 
of expressing delicacy and the soothing qualities, by curva- 
ture ; we may conclude that there must be a reason for this, 
— that these c|ualities of form must, m themselves, have a 
onnexion with these characters and emotions of mind, inde- 
pendently of all association with natural objects; so that we 
should perceive the difference even if we had never seen 
natural objects This I conceive to be the case, for the 
following reason : Angles are instances of the most abrupt 
CONTRAST between the directions of their component lines, 
while curves owe their beauty to gradation. Of these two 
qualities, contrast is certainly that calculated to exate ; and 
gradation, that calculated to soothe. 

If this view of the case be correct, it wiU follow, that all 
other kinds of contrast, to whatever sense addressed, will 
partake of the same general character of severe beauty, 
angularity in form; and that gradation or modulation, wher- 
ever found, will express the gentler quali ties, as well as cur- 
vature. Now let us see how this holds good in the other 
departments oi nature and art, apart from form 
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And first, of light and shade: it is plain that tho^c solids 
which possess straight and angular ontlines will geiierallj 
possess plane surfaces, meeeing in edges or nooks. Here, 
then, the two planes that meet at any edge or nook will 
rarely receive equal degrees of illumination, — often will one 
be ill broad sunshine, and the other in its own shadow. In 
00 case, however, whether the difference of luminosity be 
great or little, will there be any softening or gradation from 
one into the other, but always an abrupt amfmd. Bodies 
of carved outline, on the other hand, will generally possess 
carved surface, every point of which, being differently in- 
eliiied to the incident rays, receives a degree of light inter- 
mediate between that of the points on either side of it, so 
that the whole surface glows with continued gradations pass- 
ing from the brightest point through all intermediate tints 
into eompdete shade, but without any line of division, or any 
contrast. Thus the same qualities of figure which most con- 
duce to angularity of outline, condnce also to contrasts of 
light and shade on the surface; and those which accompany 
curvature of outline lead to gradated shadowing. 

The simple cone, and the eylnder with fiat ends, are two 
of the most unpleasing forms in building, (as may be seen by 
most of the hideous additions with which we crowd the tops 
of oar finest balMings, because Architecture has not, since 
the time of the Greeks, found time to discover how to build 
eliiiaiiejs.) This want of character in the two forms in ques- 
tion, I attribute to the incongruity existing between an 
ftEgular oatilne aad a mc^ulated light and shade. The .con- 
vex roofs on angular plans, common in France dmiBg the 
Kveateeath centiify,, are geueraUy disliked, probably from 
the ophite kind of Ineoiisisteacy — eurvatiire of oatiine with 
%lit and shade. 

Rocky Misery cgishiobIj owes ite severe and grand eha 
i«rter to a^alaritj of cmtline than to the sia^ly coa 
Ight and shrfe ariang from the prevalew* of plan# 
miimeB mi. crntwial aooks and eig«. How opposife ir 
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ctaracter is the heantj of cnrved niidulatiBg liills, which 
ewm when magi ified to the scale of the Pyrenees, are rathei 
heautifui than grand; and this also Is dne more to the sha- 
dowing than to the outline, since it is conspicuous even when 
the sky-line is straight, angular, or a1)sent from the view, 
blit can hardly be rendered in an outline drawing only. 

Next, with regard to color, the great plii]oso|ilier of 
painting says — Grandeur of effect is prodnced by two dif- 
ferent ways, which seem entirely opposed to each other. 
Oiie is, by reducing the colors to little more than chiaro- 
scuro, which was often the practice of the Bolognian schools; 
and the other, by making the colors very distinct and forcible, 
such as we see in those of Rome and Florence; but still the 
presiding principle of both those manners is simplicity. Cer- 
tainly nothing can l3e more simple than monotony; and the 
distinct blue, red, and yellow colors, which are seen in the 
draperies of the Roman and Florentine schools, though they 
have not that kind of harmony which is produced by a 
variety of broken and transparent colors, have that effect of 
grandeur which was intended. Perhaps these distinct colors 
strike the mind more forcibly, from there not !>eing any great 
nnioB between them ; as martial music, which is Intended to 
rouse the nobler passions, has its effect from the sudden and 
strongly marked transitions from one note to another, which 
that style of music requires ; whilst in that which is required 
to move the softer |«ssions, the notes imperceptibly melt into 
one another.”* 

It may !:« observed thattbe term hrokm seems applied 
by |»iiiters cliieiy to colors that are made, at their junc- 
tion, to melt gnyluaiy one into the other, or to glow* with 
ft i^bow-like giadation of tints, the effect of snp'po»d 
refections of colored light from neighlKning objects, asmlbe 
omameiitiil style of iwnting of the Tenetians, of whcm the 
ame admirable critic observe, “ Though in this reflect the 
TcTOtmns must be extraordinary sMl, yet even 


♦ ’Emsmmf, IMmmacm iv. 




i44 


mSTOET AXD RUDIMENTS 


.hat skilly as they hare employed it, will but ill correspond 
with the great style. Their coloring is not only too brilliant, 
Ijat, I will venture to say, too harmonions to prodnce that 
solidity, steadiness, and simplicity of effect, which heroic 
6nf)Jects require.” 

The lieantifnl analogy, above pointed out by this master, 
between the forcible and gentle styles of coloring, and those 
of music, will convince the reader that in this latter art also, 
thoegh addressed to ns throngh a different sense, the oppo- 
site principles of contrast and gradation retain the same 
distinctive qualities. I donbt not that namerons passages 
will wenr to the reader to prove that in poetry also the 
grander styles abound in contrasted Ideas, antbheses, and 
traths set forth in apparent verbal contradietfoD! ; while in 
the softer and more fascinating compositions, sncli contrasts 
are avoided, and the transition from one image to another 
is made grarlaally and with preparation. 

We may eonelade on the whole that the distinction of 
character between angular and cnivilinear forms is only a 
particular ease of the general distinction between things that 
eoiiblBe order and variety by the pdneiple of cmtrast, and 
tho« which eombiae them by the principle of graintim. 
It mast be '’Observed- that the general neglect of this source 
of ilffereat- expressioas in abstract f&rm, must be attributed 
to the fact that arebitectire is the only art to which it ap- 
plies. Xeither the sculptor nor the painter has to study the 
differences of character belonging to the differences of form, 
In general, but ©alj in the particular species or class of ob- 
jects wlilch he Is representlBg. He has to discover not what 
varieties of frrm most conduce to a pirtiealar expression ; 
lint- wtiat varittles of hmman form are most associated there- 
with, lw*aa?e' most fr«|iiently am^mpanled by the quality or 
esiotioi he would depict. His discrimiiiatioiis of form mast 
doabtless tie iiieom|mrably aieer than the architect requires, 
simply bei'faase they are all compfised witMa such iDeoiii|»- 
Jmtjlf mmtfmtr iimits. Instead of being free to range 
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thrcmg’li iiiiTe^sal nature, not only throogli all existing but 
all possible forms, tMs choice is eonhned to the limits to 
wiiicli Nature has confined herself in a single species; so 
that, compared to the architect, he resembles a niusidan 
eomposing for an instrument whose range is exceedingly 
small ; or to a draughtsman who is prohibited the use of 
white or black, and confined to a limited scale of tints : of 
course he must compensate for this limitation of range hv 
a more nice discrimination. But, besides this, the varieties 
of expression in animated forms depend on other principles 
than those applying to forms in general As the chemist 
and physicist find the laws they have deduced from dead mat- 
ter, all applicable, indeed, to living organisms, but so modi- 
fied by the soperadditiou of new and special laws as to be 
sometimes harrlly recognised; so we should err in applying 
the laws of expression, in abstract form, to imitations of 
living forms, whose expressions arise from asswiations more 
special, more narrow and concrete, bnt, at the same time, more 
powerful, and generally quite overpowering those which 
might arise from the general laws applicable to all forms 
alike: whence it happens, that the study of these general 
laws Is, if not useless, at least unnecessary, to the pi ofessors 
of special design (painters and sculptors), and has thence 
fallen into neglect with the professors of abstract design 
( architects and decorators); but we shall endeavor hereafter 
to show, that only by attention to these laws have the styles, 
which we blindly admire, miscopy, and misapply, been ori- 
ginated and perfected 

If it be granted, then, which I think admits of no doubl, 
that in all unmeaning things, (ie. all those which do not af- 
fect us by association,) and in all the sensible qualities ©f 
sieh things, as form, shading, color, and sound, the two 
principles of mnimd and gradation are expressive of oppo- 
site qualities — the first being grand, forcible, and exciting; 
tie other, gentle, and soothing — will follow,, that 

in applying this rale to the most varied and precisely defins- 
IS 



m 


HISTORY AKD RUDIMDNTS 


hie of the above-named properties, (that of form,) we oaj 
fliscrirainate between the tw^o extreme styles of form, or 
tho^e wliieli carry out the said principle to their fullest pos- 
sibh* extent, several intermediate steps, several varieties of 
forni, wliidi, by approaching nearer and nearer to the simply 
severe, or to the merely elegant, withoat going to ^hose ex- 
tr*.^mes, will be fitted for various purposes, to which the 
extreme modes of treatment would be improper. 

First, then, to decide what is the al>solute extreme in the 
application of the principle of contrast. All curves, being 
instances of the contrary principle — gradation, are evidently 
excluded; the forms, therefore, must be composed of straight 
lines and angles. Ail angles are contrasts, but all are not 
«|aaily so. Hie contrast between the directions of the two 
lines, is evidently smallest in the smallest and largest angles 
On the other hand, the greatest difference that can exist be- 
tween two directions, is perpendicularity. Right angles 
then, present a stranger contrast than any other angles 
Tims, plane figures will most powerfully carry out this prin 
ciple when they are entirely rectilinear and rectangular 
But In proceeding from plane figures, to the more compli- 
cated ease of solid bodies, we have to consider not only the 
apparent outline, as seen from various points of view, but 
also the tight asd shade, which often conduces more to the 
general character at first sight, especially In large objects, 
than the outline itself. Curved surfaces, of couree, are to 
lieavolilai; bat what should be the prevaiiog angle of the 
e*ig€*s or nooks where two plati^ meet ? At first view it 
'Slight appar that the ,greatet contrast of light and shade 
woiM be iasared by the most amie arrises; thegrmt^ {Mjs- 
slble ilfferenee of fllaniiiiatlon being that which occurs be- 
tweem a plane ex|»sed peri^dlcularly to the sun^s rays, and 
lie fcci' of the same plane, or a |»rallel one. Bat then it 
mast rmemtered that it Is imposible to see both ttese 
planes at ©ace, and that the smaller the angle l^tween the 
tM*# the smrfler the ehanoe of an eye being so situ- 
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ated a? to see them both. On the other hand, the larger 
the angle the smaller the chance of the son being so situated 
as to sliiiie perpendicnlarly on one, witliont illuiuinating the 
other; and when the angle is larger than 90 degrees this will 
be impossible. An obtuse edge or nook, then, can never exhibit 
the maximmn of contrast between complete light and complete 
sliiide, though every right angle and acute one raay do so, and 
the more acute the more frequently will this happen, but the 
Ifsj* frequently will it be seen. On the whole, then, it may be 
rontiuded (and, indeed, might easily be mathematically 
proved) that the greatest chance of powerful contrasts rjcciir- 
fhg fmd hdng seen, will be in the case of a rectangular arris. 

Tfie solid figures, then, that most completely carry out the 
principle of contrast, will have plane surfaces, and rectangular 
edges, or nooks. This is the case with most rocks, (especially 
tfie older limestones, the grandest, perhaps, of them alb) in 
a remarkably uniform manner. The requirements of organic 
tM>lies generally render planes and edges inapplicable ; but 
yet, in their outlines, we shall perceive the grander and more 
f^oweiful objects, in both the vegetable and animal kingdoms, 
to be characterized, not only (as Alison remarked) by 
angles, but chiefly by right angles. Such are the junctions, 
and even chief bends, of the trunk and branches in the gianfe 
of the forest, — the oak, and the still mightier cotton tree. — 
How different is the effect of generally oblique Junci:ions ; 
as in the elm, many pines, and most smaller trees and shrubs. 
In the most powerful animals, and even the most sturdy 
varieties of generally weaker species, the straight lines and 
right angles of the outline must have struck eveiy one. In 
the rhinoceros, the ox, and the bull-dog, this is very obvious. 
There Is also less curvature (or, at least, less convexity) of 
Riirfaee in such organisms, than in the feebler and gentler 
sfiecies : for it may be remarked, that though all curved sur- 
face iiitr«3uees gradation of Ight and shade, concavity d«^ 
so to a^mueli less extent than convexity, for the whole or 
great |»rt of a concavity ma^ often te thrown Into equable 
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sluwlow, (a>' we often see in tbe plates of a Doric column,} 
while a coivexity must always present soft gradation. Con* 
cavitj also necessarily leads to the increase of edges, and 
their coiisec|iieiit contrasts, but conyesity to their dimiinition. 
So prejudicial is smooth conyexity to the kind of expression 
now niicler eonsideratioa, that nature seems to ayoid or 
disgnlse it by all sorts of ex|«dieiits ; as mgged bark, shaggy 
coats, marked miiscles, and the folds of the rliiiiweros’ hide. 

Rectilinear but oMiqmt-GTighd form may be regarded a? a 
style cue step removed from the seyerlty and grandear of 
the exdnsiyelj right-angled. It is exemplified in slate roeks, 
(less grand than those of limestone, notwithstanding tlieir 
greater si^ale and primitive character,^ also in the struct nral 
parts of nearly all plants not remarkable for sterdiiiess and 
dHrabiHty. It may farther be remarked, that the character 
of grandeur is always dimiiiished, and that of ek-gance 
inereased, by the introdnction of gradated sptems of lines. 
In the rectaagttkr style such things can hardly exist. Tfie 
cjid j kind of grarlalion we can have, Is that of a progresslonal 
series of dimensions ; bat when once oblique angles are 
adiflitted, there cm !>€ sets of lines exhibiting a gradated 
a-rles, not only of dimensions, but of diredimu also. This 
k the ease wlieBever they form a series of ecpial or regularly 
gradated angles, as In radiating from a centre, fomiing any 
star-like or fiower-like figure, or any serirs of eqaal or 
regnkrly gradaated bends, at equal or regiiliiiij graduated 
ilstmiices, as is a portion of a polygon, either regular, or 
50i*li as Blight be inscribed in any carve. In fact, such 
ferrangeiiieBts wil always suggest the idea of a eiirve, and 
we are ufected by the expression, not only of what erists in 
any fom:, bat also of whatever Is suggested to the eye by it. 
Tiing la eves the most excteivelj recttiigiilar iesigrj, a step- 
like Niaetessloii of a few rig-zngs, either eqaal or icgskrij 
mmUtm, will iffimtilktely smggest the appearanee of ai 
tMlqme line or surface, and will therefore lose a portion of 
lie rectaiigakr ehamider ; and In that pro|fortioB &i off § 
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little from grandeEr towards elegance. So also in obEqiie* 
angled design, any admission of the principle of gradation, 
as by fan-like, polygonal, or enrre-Iike arrangements, 4rill so 
far depart from the severe character, as to bring ni close 
apon the verge of curvilinear design. It may be ol^jcrved 
that w'henever small, short-lived, or delicate plants aie com- 
posed of straight lines, they are made to abound in these 
regularly gradated arrangements, either radiating or curve- 
suggesting. The equLsetnm is an instance where both are 
fully carried oat. In the ferns also the straightnebs and 
angularity of detail (otherwise so contradictory to the grace- 
ful curvature of the general forms) is modified by the ropious 
introdactioii of the principle of gradation, not ind.-ed in 
diredu/m, but in dimmsi&ns, with a degree of regular ,j and 
uiiiforinity perhaps unparalleled. 

From such examples as the equisetum, the tran. tion to 
cBrrdiM'ir design is hardly perceived. Here it is ob ervable 
that those curve compositions will contain most of the 
principle of contrast and least of gradation, which contain 
most angles and fewest contrary flexures ; for tho gh the 
latter must perhaps be regarded (at least when com] used of 
two corves) as extremely delicate, or infinitesimal ^ a^s of 
contrast, yet associations drawn from natural obje ts have 
so taught us to connect them with every thing soft, fragOe, 
and weak, that they are, and always must be, the variety of 
form most removed from the severe and exciting, and most 
competely embodying the elegant and soothing qualities. — 
Aeeordingly it appears that the varieties of Gothic tracery 
in which this king of form is introduced, (as the Eaglish 
foliated and French flamboyant,) are always r^arded as 
soiaetliing more %M, delicate, and fanciful, than the pire- 
eefag varieties, which do not contain less curvature, but 
whose carves are united only by angles and cusp, instead of 
by contrary flexures. 

A forther distinction miist still te made betwmn ardfiml 
eoitrary flexures, or compost of two curves, and 
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mtunil oieSj or tliose m wliich tlie same cmre (with tlie 
same eqnation) continaes throughout. We considered this 
distinction in our last chapter, and may now obserTe that 
the former class (the artificial or amtrasted) were the only 
“ lines of l>eauty’’ known to or employed by the Gothic 
artists, (except of coarse in imitative sculpture,) and that 
the latter (the natural oi gradated) were the only ones used 
by the Greeks, or by nature, as far as we have the means of 
tracing. To this class belong all the natural forms of the 
animal world ; as all those of the mineral belong, on the 
other hand, to the rectilinear and angular class. 

Fonas may be divided, then, as regards their inherent or 
essential expression, (apart from association/^ into at least 
ite classes, according to their degrees of contrast or 
grarlatioii ; from the most grand, severe, and forcible, to the 
most elegant, fanciful, and delicate. Thus we may arrange : 

L Eectiliaear aad reetaagsilar fortas. 

IL Beetilinear but oblique-angled forma. 

HI, Cnrrilnear forms witbout eontrarj iexures. 

IV. CamMimr forms wit-b artiSeial coatraxj iexarea. 

V. Carsriliaear fonns iritii natural coatrarj fiexoreg. 

In most complicated productions, whether of nature or 
of art, we of course find several or even all these classes of 
forin mated. Let us Inquire, then, to what differemt parts of 
such A composition the different classes of form are natu- 
rally and essentially best adapted. 

Afison has the following comet remarks on this subject . 
** The great constituent imits of every building require di- 
rect and angiilar lines, because in such parts we require the 
expression of stabiity and strength. * ^ * A 

balustrade might with equal propriety be fiaishei ia waving 
lines, bit eertamly would not be beaut iul. A twisted eo- 
lama, though affording very pleasant currt^ to the eye, is 
Mrkfiowleiged to be beautiful than the cohiisoh and 
i^mkr ooe. ♦ # It deserves to be remarked, 

tiat the fono of the constituent pirts of all veget^ 
whether strong or delcate, is nearly the same; the 
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growtli of the stem and the direction of the branches being 
in both alike, and in both also either in straight or in arigH' 
lar lines. It is principally in the more delicate parts of the 
first, in the young shoots, and in the foliage, that they devh 
ate from this form and assume winding or curvilinear direc- 
tiois. 

It may be taken, then, as a principle hardly admitting of 
question, that, as in nature, so in art, the graver and 
more forcible varieties of form should in every ease pre- 
vail, most in the rnling and structural parts of a work, 
and that the more elegant varieties should find their 
place chiefly in the ornamental details. In all the most ap- 
proved works, of whatever style, this will be found an invio- 
lable rule. Whether a portion only, or all of the five classes 
of form be employed, the class nearest the beginning of the 
above list will be found in the ruling forms and divisions; 
and that placed latest in onr list will be confined to the 
smallest and most ornamental parts; the intermediate class or 
classes being found in features of an intermediate degree of 
importance. 

In deciding to which of the five classes of form a given 
feature should belong, we may consider this to be dependent 
on three elements justly ; 1st, the graver or higher charac- 
ter of the destination of the building ; 2dly, the greater or 
less Importance of the feature itself ; and MIy, its height 
above the ground. And by regarding each of these elements 
apart from the others, we may deduce these three rules : 

I That in bmldings of different destinations, features 
which are of the same importance, and placed at the same 
heights relatively to the whole buildings to which they be- 
long, should never be found belonging to a graver ela® of ^ 
form in the bii3diag of the lighter destination, and vkg m-m 

II. That in the same building, and at the same hei^t 
above the ground, prlnel|«I and rjmctural membera should 
sever belong to a lighter class of form than subordinate 
fmtares, sor these to a lighter ehm than ornamentB, 
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III. Hat ill the same building, features of the same degree 
of but situated at difereut levels, should never 

beloL,ir te a graver class of form at the higher level than at 

the lower. 

These rules will, I believe, be found to apply more or less 
extensively both to styles and to individual buildings, in 
proportion as the said styles or building are more or less 
generally admired by persons of good taste. Let us examine 
a few' instances. 

la tlie Egyptian buIHiiigs we find forms of the first, third, 
and fifth classes. 

la the Dcide Temples reetangularity is strictly observed 
In the plan and principal airangemeDts, up to the higher 
|Mrt of the Structure- 

Ill the Ionic, the rectangular forms were discarded in some 
minor nmttei^. 

In the CorintMan Order, we have forms in the second, 
third anti fifth kind — ^the fifth kind reigning exclusively in 
all the mliior details. 

In the Eoman and Oothic styl^, the introduction of the 
areli and dome coastruetlons necessarily led to a more fre- 
quent circularity in the prineif^l |»rtB of buildings, lK>th in 
plan and elevation, and this caled for a far greater pre|K>ii- 
dertace of curv«! forms in the minor features and detals, 
than their serrile adaptation of Grecian fonns (instep of 
priiMjiples) would admit. 

It w^m iia|»ssible In our brief ^paee to seek for the prin- 
ciples of areMtectural laaaners that intervened tetween the 
fall of the Roman and the rise of the Gothic systems, filing 
®p a long night of barbarism between the setting erf the 
ttidesf cbillatfoa, and the app^raace (rf the firel- iawnii^ 
that herald^ la the modem. 

As the Ighter classes of form are Indisputably the iii«l 
l»Etifal ia theis^Ives , t|mrt from fitne®., there is ^nei^y, 
wten the art Is in a pre^resMve stale, far more iangar erf 
iMr eacroaeMiig on the diMiiis of the graver ciaKa, tiai- 
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lere Is of the contrary evil. Accordingly, it was in this 
^ay that the Greek, the Gothic, and the Italian systems all 
ieclined and fell after their perfection had been reached, and 
change began to be sought no longer for the sake of improTe- 
nent, bnt for the sake of change. To these we might add 
the Moorish system, which seems to have enlniiuated in the 
Alhambra, and afterwards to have sunk under this same 
ibnse — the fourth class of forms gradually superseding the 
third, even in so important a member as the arch. Tlie 
^at defect of this style, however, was always want of 
attention to this correct placing of the different classes of 
forms; and at present, in the poor remains of it practised in 
Mahommedan countries, the forms are jumbled together with 
as little regard to itness, as in onr own sham architecture. 
If we may judge from engraving, the arches are almost 
exclusively of the reflexed (or ogee) form, whOe mere details 
on them are often of a more severe class (the second), and 
the minutest lattice-work often of the first. The confusion, 
however, cannot be worse than that to which our own build- 
Ing is reduced, in wMch the gravest forms are often piled on 
the top, if indeed there be any top — ^architecture having 
generally been driven from thence — and clothing only the 
sides to a certain height, leaving all above to the ventilator 
and cMmoey-doctor. 

It is now necessary to say a few words on two qualities in 
architecture and other arts, frequently distinguished from the 
beautiful, though at other times classed as particular divl- 
ffiOiis thereof ; these are the suMim and the pidmresqut. 

The inquiry into the sources of the sublime in architecture 
must on no account be passed over by the architect, as hav- 
ing no appication to Ms every-day practice; for the same 
prindples by which sublmity has been product in great 
works, are the only ones by which the opposite of this 
qnaity can be avoided in small works; and, indeed, tMs 
fviz., mmwmess) is the very worst fault a ’building 
'im have, and its avoidance is, If pcssIMe, more Important k 
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little works, tkaii is the attaimnent of trae sublimity in great 
ones; for magiiitmle and richness will, with the many, always 
saffiee to eoTer the want of the latter; w^hile nothiiig can, in 
SHiali baildiegs, stand in the stead of that for which we have 
no good riamej bnt which would, If increased in scale, be 
railed snlilimity. 

We conclide that the f&rm or arrangements of f^rm nsed 
in the Doric order, are better suited to prepuce sablime 
effects. 

No Gothic biiilding ever possessed a jarticle of snidiroity, 
aaless at least doubling the extent, and trebling the height, 
of ail ordiiiary Doric temple. 

Tfiis sii|'«:*rior siiblirnity of square-headed opening and 
arises not only from their belonging to a graver 
class of fonn than the arch, but also, very often, from their 
greater expression of jsoirer, owing to oar knowledge, or 
iijechanieal perception, that they must require larger stones 
in their eonstmetion. This somewhat vnlgar consideration 
has, I am eonvineed, a great deal more to do with oar appre- 
ciation of sublimity in architeetnre than we should be willing 
to admit. Thus, the ori^nal Doric cornice has very little 
projectioa compared with later forms of that featnre, yet it 
prednees as gmnd an effect as many cornices that have three 
times its fffojectloE. This arises from the absence of all 
eoatrivanees for sapporting it by corbelling, — ^from our per- 
ception that it mnsot possibly be built np of little pieces. 
Add PBth coiitrivane^, f as in the Corinthian cornice, or still 
Biore obviously la the Gothic machicoktloasj and yon mast 
incTease the frowning nmss to several times its diiaensions, 
in order to retain the same bold and noble appei ranee. So, 
also, the relative effect of square and of arched coveriags 
alwe alfefled to, is entirely reversed la Gothic arcMtectiirr . 
Here, tlie arrlied maiow-head, when snffieieiitly recessed 
t!ii fiTeriiaB'iriiig, hm some grandeur, while the iat-topped 
Tiidor tom has wii m fmrtiele; being propped np, aid, as it 
Were, balnsced oa the mallioas, wh€»e ap^veat Insifficieici 
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or its snpport only incTeases tine intense m&amess of expres- 
don. 

Xext to the preTalence of the graver classes of fonn^ and 
die subordination of the others to them, nothing is more 
jssential to nobleness, than a principle analogous to what 
minters term hreadik, L e., abundance of one thing in one 
jiace. On this subject, Ruskin has insisted with his usual 
eloquence,* and, with great truth, says, that the relative 
majesty of buildings depends more on the weight and vigor 

their masses than any other attribute of their design; 
nass of everything, of bulk, of light, of darkness, of color, 
liot mere sum of any of these but breadth of them; not 
broken light nor scattered darkness, nor divided weight, but 
solid stone, broad sunshine, starless shade.’’ 

On the whole, it would appear that neither sublimity nor 
satisfactory l>eauty in building, can be expected of a flat 
surface with holes in it, however beautiful their forms and 
arrangement. There must be variety and contrast of sur- 
faces, and large ones too. There is no such thing as fine 
architecture of only two dimensions; it must have length, 
breadth, and depth. No building has ever been admired 
lhat has not either colonnades, or arcades, or very promi- 
nent buttresses, or a very prominent cornice, or very deeply 
recessed openings. These are the chief means that have 
liitherto been employed to obviate flatness (though never 
for that purpose ahm) in permanent buddings. In tempora- 
ry ones there have been some other expedients, as the broad 
eaves of Italy and Switzerland, the overhanging stories of 
oiir half-timbered houses, and the verge-boards, best dei'e- 
loped, perhaps, in northern France. When iron shall be ad- 
mitted into architecture, perha|^ a new resource of this kind 
may be fonai in balconies or window-canopies, or both: but, 
ts a general rnh?, all horizontal masses of shadow seem to 
require a greater and general mass of the same kind at the 
top 'of the baiMIng; and this is the most general feature in 
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ftll eoimtries, and is never, in any degree, a merely oniamcB 
tal one, since its nse, to shelter the walls, will always be 
more effectaaliy served the more it projects: not an inch add- 
fii to it can ever be useless. 

Another mode of avoiding iatness has, indeed, lieea cften 
practised in rtira! buildings, (being inapplicable la towns,) 
and consists in breaking the gronud plan in a complicated 
manner, and carrying up some parts higher than others. It 
Ims a very specioss appearance of effecting the object wit fl- 
oat annecessary expense; bat this is a great fallacy, as any 
one may soon see, who makes a few calcaktioiis, that these 
lireaks and jetties add more to the material reciaislte to en- 
eltMJ and cover a given space, and, in fact, are a greater 
sacrifice to architectaral beaaty, than the largest features 
ever added to such buildings, snpposiiig them added for 
oniaineiit alone, which they never ought to be. 'W'lseu 
fashion, however, runs mad after some style devoid of procii- 
Eient features, fas the Tudor,) there is no alternative hot 
this extravagant broken-plan system, as the late Tador revi- 
vers fmui to their cost. 

Of that most highly artificial source of pleasare, called 
the there have been several exphinations given, 

all la sabstance the same as that of Rnskln, who reganls it 
m a ‘^prirmfmi or a display, in the extraneons 

and mlwentitmm clranmstanees of a thing, of swell finalities, 
traiisferred to the thing itself, would eondnee to snbliiBi- 
ty: tlms tlie same shagglness which in the lion’s mane eon- 
iaees to siblbsity, in the goat constitutes pierarescjiieiiess. 
The same depth, and prevalence of contrast, in a baiiiig, 
wMeh, when prcMlnced by evident design, leads to nobleness, 
m at least obviates meaimess; when reseltiag from d&me^ 
( either by the falling of a balldliig to rain, or the iiafore- 
i€€B elmsteiiog of several ImlMliigs together. ) constitutes 
the p!CtiireM|iie. Ttie ehsaee eombmatioBS, whieli, ia natu- 
ral siifQefT ©a a small scale, are most pietnresqae, are the 
very same wMch, If magaifieil to ^ moBBtainoas sefile, waiH 
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? the most sablioie; so that an artist miirlit often from 
^aps of graTel or mortar, compose scenes more awful than 
? foalcl find in a year’s wandering among Alps. Again, 
le pictnresc|iie in painting, or what is called “pictorial 
feet;’ consists iiia]»plying to the adventitious cireum stances 
’ light and shode those same principles and rules which the 
iglier aims of the art would require to he ohservefl with 
•irard to things and actions themselves : so that, for in- 
anee, pictorial effect requires one principal light, just as 
le higher excellences would require one principal action, 
rhatever would he siihlime or excellent in esmitiais, the 
me is picturesque in mn-essenimh. “ There are thus,’’ 
tvs this writer, “ hotli In sculpture and painting, two, in 
mie sort, opposite schools, of wdiich the one follows for its 
ihject the essential forms of things, and the other the aeci- 
i^ntal lights and shades upon them. There are various de- 
rees of their contrariety: middle steps — as in the works of 
oreggio, and all degrees of nohility and of degradation in 
leir several manners; hut the one is always recognized as 
le pure, and the other as the picturesque sehooL’’^^ 

It would thus api^ar that tMs quality has more affinity 
ith the sulilime than with the beautiful, being pirobably in- 
ompatihle with the latter in its strict sense, while each of 
lese opimsite finalities is compatible with the sublime, at 
•ast witli what may be called pkymml sublimity^ which Is 
be only kind of which we have hitherto spoken. 

Consistently with this, we might expect the picturesque 
1 buililng to lye most frequent where there is most preva- 
*Bee of contrast, and the gravest or most contrasted sf^cies 
C forms; and perhaps the best rule that could be given for 
:s produetioia would be the accumulation of all the physical 
lemerits above mentioned as eonduciag to sublimity, with a 
tufllei exclusion of those previously described as belonging 
0 beauty, sicli as uniformity of halves, eqniifistaBt re|»ti- 
ioB, and the priueiple of gradation ia general, 

* Hie Seveo iMMfi 'O? Are-Mteetare,’* c’ta.p. to. 

14 


158 


HISTORY AXD EUDIMENTS 


We hnYe already observed that In forms, or rattier compo- 
sitioiis Ilf form, of tbe first two ( or reetiliiiear j classes, a dis> 
linctiofi iiiiist be made between those wliieb do, and those 
wMfli do not, display this principle of i^adation: which can 
oeear in the first class only in one way, by a gradated series 
of w’hile in the second it may lie displayed in two 

ways, either by gradation of dimensions, or of dirediom ( L e., 
of lines or of angles.} The infloeiice of gradated dimensions, 
la diminishing grasdear and iiiereasing elegance, may be 
sees by comparing the majority of Italian campaniles f which 
aintain no saeli gradation j with those of Pisa, Cremona, or 
St. Bride’s, London, [the only one of WreiiV designs in 
whieti this principle reigns,] or with the Chinese towers, in 
which it seems nnivei^ally observed, and contributes not a 
little to their w'ant of grandenr or solemnity. In the grand- 
er and more sturdy classes of vegetables, too, from the cotton 
tree down to the thorn bnsh, this principle is nowhere to lie 
found; while in those few plants of the minor and less dura- 
ble kiifi that contain straight and angular forms, it is car- 
ried to eitreme prfeetion, as in the grasses, ferns, &c. It 
seeiiis as if this elegance were given them as a snlistitute for 
that of ciiFTatare, common to other delicate vegetable 
foms. 

Now seither these plunts, nor the gradated campaniles, 
would ever be regsirded in themselves as picturesque objects, 
wliile the first'iBeiitione*! class of each is reckoned among 
the most dc*cided examples of this quality In nature and in 
art. The lieantj of gradation, therefore, while It Is only 
prejailcml lo real sublimity, Is distrmdke of this son of 

parasitical gsblimlty,"’ called the picturesque. Bivisfons, 
wles not equal, miist be varied without any coaaecting law, 
is Ib ig. 1 A, never as in c and n. To show how much a 
lirevalence of the lighter {m more gn^tei] cl^»s of fons 
militates agminst the |actium|iie, we mxj observe that 
tMs quality wm ^rhape never ^ribei to any narartl 
wic» forms are exdiavely eirviiii!^; and that It is rare 
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[ereii tbe rulES of] roiind-arclied biiilding; more freqoeiit 
the pointed; and most of all in those styles wliicli are 
stitute of arehes. The Egyptians often elnstered build- 
xs irregularly to salt pecoliar sites; and the temple thus 
lilt on the Maud of Philm has been instaiieed as a very 
mplete ease of pi jturesqneness, and will illustrate the 
les given above. 


CHAPTEB lY. 

litatim of Nature aiid if Models — False Imitaiimi — Constructive 
Truth — Constructive Vnit^ — Three System thereof. 

It is the highest possible aim of architecture, as of all the. 
her fine arts, to imitate rmture. This has been generally 
mitted ; but the kind of nature to l>e imitated, and the 
3de of imitation, seem to t>e very varionslj understood; 
d the notions of some architectural writers on this point 
e singularly different from each other, and from the plain, 
dinary sense of the expression. 

The difference between copying natural objects and imita- 
ig nature, lies in the introduction, in the latter case, of a 
inciple of gmiralizatimi. To draw the likeness of a |mr- 
rular man, ever so exactly, though you excelled the da* 
lerreotype, is not imitating nature. To discover and draw 
' that is common to a certain class of men, omitting everj 
ing ikai is peaiimr to each, this is imitating nature. The 
me principle must run through every imitation of her, as 
stisguished from an imitation of a natural object; and it 
ist remembered, that with this ktter imitation, arehi- 
sture has nothing to do. A man may leam to |»int or 
rve, simply by imitatiiig individual models, and may with 
e vii%ar |»ss for an artist: but in architecture, there is no 
ch thing as this copying of one thing at a time: the arcM- 
st [I iB«a the dmgmr in architecture] miist leam to copy 
rerrf tMi^ si — to imitate with genemlimtion. 
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Here is an example ; We waat a colmaiiy that is^ aloi^ 
Ibfidjj inteflflcd for transmitting pressure to or from a flat 
snrfare. It evidentlj matters not whether the colamn |}e 
pressed against the surface or the surface against it, nor in 
wliat position it be placed. A stmt is a column, only placed 
fiorizorj tally or iiicliiied. Tlie ex|>ressioa we want to give is 
that of itness to reeeiTe this pressure. Some nations hare 
copied ecliimiis from trees, and some from men, bot neither 
ii these are iiiiitatisg natiire ; on the contrary, they are most 
annatEral, since nature has not made either a tree or a man 
to sc-FTe the pnrijose of a column. Are there, then, no 

i: 


animal.'s are coliniM according to the ahoxe definition, the 
surface against which they press being the ground. The 
hijiaaii ana aplifted to support a weight is also a colman : 
and when pa>hiBg horizontally against a wall, it is a 
horizontal eoliima or strut. 

^>iw, in com|inring these varioES nataral colninns, to dis- 
cover what they have in comiiioii, we find 

1st. That tlielr transverse section has roundness, therefore 
we make the artificial colman round. 

M. We observe that they yary in length &om fmr to tea 
times their greatest dJameter ; bat that, in animals remark 
able for pom^er and majesty, they do not exceed six tlmeE the 
mid diaiiieter. Therefore, when this character is aimed at 
the eolpiEiis are eonfiiied to a length of bettreen four and six 
iiameti-rs. 

3d. With regard to their longitudinal outline or profile, 
they have a general diiaiiiiitioii from their origin to the ankle 
uT wrist, I. €. to a point mar the surface against which they 
ar? applied. Therefore we make the artificial colamn diminish 
from its onglii {the ^oand or stylobate) to a pomi near the 
mfinm to sastalned. TMs ^dindaiitioa is in a coairary 
flirerlioa to that of the ^ tniisals or fenltiire, because 
fA|i issae from the object to which they belong, and apply 
against a surface lielow ; hat the legs of a fixM 
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re siionM issa.e from tbe snbstmctare, and applj tliem* 
'() the support of that above ; otherwise they woaM 
to beloHg to the soperstroctare aod form with it one 
listiiict from that below, and made to be moved abont 
able.'*' The jmsiiimj thereforOj of the coIiuhEj Is noi 
the legj but that of the uplifted arm. 

a circumstance common 

ds, is that the diiii.i!iU‘ 
:iced, is not regular or 
, bui tends, in the 
tses, to convexity, i. e. 
, at first slow, becomes 
owards the wrist or 
this Is accordingly 
jonvexity (or entasis) 
being, however, much 
less than in the 
human example, lie- 

cause in that ex- 

1 ample it is peculiarly 

^ j j| g^eat ; and the object Is not to 

hi imitate this or any other singk 

\ % model, not any particular limb, but 

I '4 the geneml idea of limbs — their 

M i central form, avoiding all peculiari- 

I tl^. If their outline were, in 

M * I Maiversal nature, as frequently coa- 

»avex,„ the eowect imitation would be to make it 
; but this is not the ca^, — convexity preiloiaifiates 




Ms to mxfMm tiiii, hy Mserting as a tA 

4iaiial5'a as they 0rmm m » cclaiaii apwmris, ®r ibe teg 

wn nrd-*. He d«3« ael pw «r foafi«Sat»n la sjatisw Sir tfelf* 

wonli he veij MmmWt », a® it vobH wertmra mmnj 
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5tli. W e observe it to l»e a part of tiie nature of limbs, 
that, after passing the smallest part, there is a rapid swelling 
t3 form the extremity fiiand or paw^, which is what, in the 
coliiniii, we call its capital. This protaberance is, in natnre, 
4*o!iimo!ily eccentric with regard to the axis of the limb, pro- 
jecting most on the side towards w'hieh the animal looks, 
ami least ( or often not at all ) on the opposite side. Bet 
this eecentrieity is least in the most powerfe! animals, and is 
profMrrly omitted in the column for two reasons ; either as 
an exaggeration of that which distinguishes the most power- 
ful models, L e. those most displaying a quality intended here 
to be expressed ; or else it is omitted as having an obvious 
relation to a property ncd intended to be expressed, viz., 
Icwomotioii : for the foot always projects most on the side 
tow’ards which it is to move ; and as the capital is not to 
move, there is no natural example for its projecting on one 
side more than another, 

6tli. With regard to the outline of the extremity, we find 
it to be at firet concave for a very short distance, then be- 
c-omiag very slightly convex, and as It spreads, the convex- 
ity slowly increases, till, at the greatest protuberance from 
the axh«, It rapidly curves round, and returns inward to a 
<!Ball distaiee. Such are the points common to the outline 
*jf eif rjf animal extremity, when applied against a flat sur- 
face: and such are those which constitute the profile of the 
capital. In that wosderM specimen of generalfred imita- 
tios, the original Doric column; that form on which no seb- 
seqaeat efforts have been able to effect any improvement in 
itness of expression to its particular purpose; that form 
which when first seen, throws IntO' the shade everything 
else that we have ever seta applied to the same purpose, that 
it seems tw perfect for a huioaii invention, and we attribute 
it to some power peeulkr to the inventore, and now lost, 
Just as the Arabs attribute Palmyra to the work of genii. 
That tMs p3e of cut ston®, wM<di any maam could exactly 
and which rambles no natural form, should yei 



OF ARCHITECTURE. 


163 


exiiress iis destination as perfectly as the most finished statue^ 
and appear as incomplete witliont its entabulatore, as Atlas 
without his globe ; — that this effect should be produced alike 
and instantly on erery spectator, may well appear, to the un- 
taught, a sort of magic. But such effects are never the result^ 
as commonly supposed, of a happy idea, an instant stroke of 
gi^nius : they thus touch in an instant, because they contain 
tiir work of years ; they spring from, and are proportional 
to, the amcunt of thought which the object embodies, and this 
is iDde|»endent altogether of the amount of manual labor be- 
stowed. A work of elaborate sculpture, and one of mere 
masonry, may be exactly equal in this respect ; and when 
either of them strikes us with this instant conviction of ex- 
cellence, it is because they contain, as it were, concentrated 
in them, the thought perhaps of a life, perhaps of many lives, 
the observation and analysis and intense patient study of 
many^ directed all in one direction, and with a common olj- 
jeet, — the extraction and purification of some general idea 
in nature, as a metal is extracted by the chemist. 

In the study of nature ( without which the architect as well 
as every other artist can do nothing — absolutely nothing j he 
must also study the commentaries on her, i. e., all previous 
prc^ECtioms of Ms art. All these are so many annotations 
on Xature^s great and most difficult book ; and he who at- 
tempts to read her without their assistance, simply sets up 
his own wisdom against that of all mankind ; and however 
satisfactory his discoveries may be to himself, he may be as- 
sored that they are as old as Adam ; and that, should he 
lave at once the greatest genius and the longest life ever 
granted, he ivil! still have advanced no further than the first 
efforts of the art', wMeh, pursued on this principle, would 
f' anlike all other human pursuits ) be never beyond its beglii- 
aiiig. 

It is Impossible for the designer to produce anything trm 
liiit by the study of nature, and it is impossible to produce 
anything leic but by a knowledge of what has been done 
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r«idj dy l)i> precle-.-essors The most onghwl arri>.ts of every 
kind are always the most exteiiSiTe imitators. 

Ill areliiteetiire the BEmber of such is indeed infinite: and 
while one appears to have seen no building besides the Tem- 
ple of Ilyssos; aiiOtlier, nothing but the Ereclitiieiiiit, or 
Salisbury Cathedral, or Henry the Seventh's Chapel, or the 
Alliaiiibra; all unite in condemnmg that arehiteet in the 
last century who drew' from no source but Ibocletiaii's pa- 
kre, without |iereeiviiig that they are eomuiiltiijg the veiy 
saiiie capital error; for the fuiidamental fault was not the 
drawing froin a c£frrujfi source, but the drawiiigfroiii mii^ &m 
source 

The reader must not suppose I am advising any thing so 
utterly 'wrong and contemptible as the mirtuft fif tfm jpeiuli- 
cri/k-' of difit-rent styles. On the contrary, I am insisting 
oii the imitation of wiiat is common to them, rather than 
that of what distinguishes each. If you say there is iioth- 
iiig comnion to them but walls and a roof,*’ you betray that 
you have not commenced the real study of the art, which, 
like that of nature or of seieuce, can be carried on only by 
geiieralzation. 

As in all other arts, so in architecture, the value and eor- 
rectness of imitation, whether of Nature directly, or of Na- 
ture through the medium of her interpreters, — previous 
artists, — depends entirely on the breadth of generalization 
uixxmfmjmg it; and that which imitates writhoiit 

gciiemliziRg, — that w’hich imitates only one model, though 
evea a natural one, and ever so excellent, is not art at all. 

Cormectei with the error that imitative art consists ia the 
Imitaticia of what is eommonly ealie^l nature, i. of particn- 
lar or lii-illTidaal imtare, is also the most destructive notion 
that its pirrfectioii is to deceive the eye,^ which is, m fact, 
I lie ba^est piir|f«i>e to whieo any art, or rather any samI autl 
Fcieiiet* origlimiij amassed for the purfwses €>f art, can be 
prostituted : fi^r it umst lie observed, that no iiiaiiaal efexteri- 
tj mil lit ended art; it is only the material collected for ite 
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use, or tlie laiigaage in wbicli it speaks. Xow, when this h 
used io order to deceive in any way, it is as if a man, who 
had learned writing in order to write sermons, should employ 
his skill ill commiting forgery. 

For want of this distinction,'’ says Sir Jo.slma, (z. e.^ 
the distinction between the art and the mechanical skill,) 
the world is filled with false criticism. Raffaelle is praised 
for naturalness and deception, which he certainly has not ae- 
roiiiplislied, and as certainly never intended.” It is the same 
f'lTijr which leads the vulgar to think it a beauty when the 
lignres of a picture stand out “ as if yon could walk round 
theiii." or when painted decorations, or papering, or carpets, 
are shaded to appear [in a particular light] as if carved ; or 
when a building, or a front of a building, or any of the 
smallest part or member thereof, appears like any thing 
which it is not ; — a new building like an old one built in a 
different age; several little houses like one palace; or one 
property like several; an essential part like an ornament, or 
aii ornament like an essential part; a buttress like a columiit 
an attic like a pediment, an arch like a lintel; — ^to say noth- 
ing of such gross frauds as making stucco look like stone, or 
paint like wood. 

The object of all real art, as of all science, is to elicit 
TRUTH : but any one who, fresh from nature, or from the 
works of other ages or nations, should arrive among the 
works of modern English architecture, would suppose its 
whole aim, and that of every detail in it, to be deception. 
Oae enters a biiilding, perhaps a place of worship, that is 
praised for mnprtiendmg pimnness, and the eye seeks in vain 
for a single object on w’hich it can rest as something real, — 
for a single feature that is what it appears to be. The plas- 
ter ‘d walls pretend to he built of huge granite or marble 
blocks ; the filmsy surface that conceals the roof, to be com- 
posed of laeuBarl®, or stone coffer-work, on a more colossal 
ficale than any Egyptian ever dreamt of. A stove miist re- 
present an useless pedestal, or, j^rhaps, the model of a build- 
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iiiLT ; arjJ tlie deal fittings, not content with uue deception, 
liinst witli singular ingenuity contrive to perpetrate two at 
oiice. — to appear in buht'»nce like oak, and in far?n like the 
ffiarhle wall- and an tie of a Greek temple. Such is an mi- 
pfitemh^ig building. The evil so infests everything that meets 
u- on i^liatever side we turn, that it is hardly possible to real- 
ize the fact, till we turn to the works of other ages or distant 
iiiitioii-, that all this is uiLMcmary, that there may be, and 
Over most of the world is, and every where has leen, arehitec- 
tnn* without deception, — not without this or that kind of it, 
Imt ub-ulutely without any Such is the atmosphere of it in 
mliicii we are plunged, that we can hardly fancy such a thing 
a- it^ al)-eiice : and we actually, on mentioning it, are met 
by such (|ne5tiuiis from intelligent and otherwise w’ell-inform- 
ed peivon-s, a> “ What is the use of paint, if not to imitate 
other things T Grown-up men actually require to be told 
flint paint is a durable and smooth coating for perishable or 
rough >urfaces, either to preserve them, or by its smoothness 
refiel dirt, or lo replace their natural color by one more 
[leasing or fitter for their situation ; or lastly, to adorn their 
hurface by varied color or beautiful forms. These are the 
uses of paint, and they give vast scopes for design and taste, 
but have no more to do with imitation or deception than the 
^kin of an animal or plant has. Does the skin or bark imi- 
tate fiesh or wood ? What possible reason then can there 
be for stucco or paint to represent anything but stucco or 
paint ? They never represent anything else in the wmrks of 
tlie Greeks, Romans, Gothicists, or Arabs ; and when W’-e 
w ant mom ornament than is found in their w’orks, it wull be 
time enough to look for a method not practised by them. 

Ruskiii, w'ho, though falling into my dangerous fallacies, 
has truly treated on this subject, says — “ It is very necessary 
in the outset to mark clearly wherein consists the essence of 
fallacy as distinguished from supposition : for it might be at 
first thought that the whole kingdom of imagination was one 
of deception also. Xot so : the action of imagination is a 
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voluntary summoning of the conceptions of things absent or 
impossible ; and the pleasure and nobility of the imagination 
partly consists in its knowledge and contemplaiioii of them 
as sflch, z, e., in the knowledge of their actual absence or im- 
possibility at the moment of their apparent presence or reali- 
ty. When the imagination deceives, it becomes madness. 
It is a noble faculty so long as it confesses its own ideality ; 
when it ceases to confess this, it is insanity. All the differ- 
ence lies in the fact of the confe.ssion, in there being no de- 
ception It is necessary to our rank as spiritual creatures 
that we should be able to invent and to behold what is not ; 
and to our rank as moral creatures, that we should know and 
confess at the same time that it is not. 

Again, it might be thought, and has been thought, that 
the whole art of painting is nothing else than .an endeavor to 
deceive. Not so: it is, on the contrary, a statement of cer- 
tain facts in the clearest possible way. I desii*e to give an 
account of a mountain or of a rock: I begin by telling its 
shape: but words will not do this distinctly, and I draw its 
shape, and say, This was its shape.” Next, I would fain 
represent its color: bnt words will not do this either, and 1 
dye the paper, and say, This was its color.” Such a pro- 
cess may be carried on until the scene appears to exist, and 
a high pleasure may be taken in its apparent existence. 
This Is a communicated act of imagination, but no He: the 
lie can consist only in an assertion of its existence, [which Is 
never for one instant made, implied, or believed,] or else in 
false statements of forms or colors [which are indeed made 
and believed to our great loss continualij.] And obsCTve 
also, that so degrading a thing is deception, in even the ap- 
proach and appearance of it, that all painting which even 
reaches the mark of apparent realization, is degraded in so 
doing. 

“ The violations of truth which dishonor poet^ and paint- 
ing are thus, for the most |mrt, coniued to the treatment of 
Iheir subjects : but in architecture, another and a les subtle. 
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more eonteniptible riolation of tratli, is possible ; a direct 
falsity of assertion respecting the nature of material, &c. ; 

* ^ and this is, in the fullest sense of the word, wrong : 

it is as truly cleserTing of reprobation as any other moral 
deiiiif|ueiicy ; it is unworthy alike of architects and of 
nations ; and it has been a sign, wherever it has widely and 
with toleration existed, of a singular debasement of the arts : 
that it is not a sign of worse than this, of a general want of 
severe probity, can be accounted fdr only by our knowledge 
of the strange separation ’which has for some centuries 
existed between the arts and all other subjects of human 
intellect, as matters of conscience. This withdrawal of 
conscientiousness from among the faculties concerned with 
art, while it has destroyed the arts themselves, has also rendered 
nugatory the evidence which otherwise they might have 
presented respecting the character of the respective nations 
among whom they have been cultivated ; otherwise it might 
appear strange that a nation so distinguished for its general 
uprightness and faith as the English, should admit in their 
arehiteeture more of pretence, concealment, and deceit, than 
any other of this or past time.” — “ Seven Lamps of Archi- 
teduref IL “ Trmth:^ 

It will Ije asked, perhaps, “ Must we not turn the best side, 
outwards, then P Certainly, this is an important part of the 
courtesy of building. It is a mark of respect due to all who 
S'ee your work, to turn them its best side ; but it is still more 
iinportant to do so honestly, — ^to proclaim at the same time 
** This is my best side.” Herein consists the whole difference 
between the Incrastations of mean materials with richer ones, 
pmcfised is times and places of good taste, and in those of 
bad. The covering of a poor or unsightly material with a 
better, does not necessarily lead to deception, or any thing 
of the sort. Many churches in Italy are said to be veimred 
with marble ; that is, thin slabs of marble are let in and 
iswiined by surroasding bands of stone, as the metopes of a 
Ikmc tsiple by the triglyphs, or as panels are confined in 
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joinery. Tliere is no deception, the whole shows plaiiil/ 
what it is, — a sound piece of construetioii held together not 
by cement, but by obvious mechanical arraii^reioeiit ; and the 
marble slabs pretend to be nothing more than slabs, — 
beautiful natural objects placed there for oriiarneiit or clean- 
liness, and not for deception. 

When an external film is of a totally dlferent iiaiiir<=* from 
the substance beneath, the form will often inform n.- that this 
external substance cannot be that of which the wiiole is com- 
posed, and thus there will be no deception. This is the reason 
that gilding is no deception when not applied to metals. We 
can no more mistake a gilded stone or plaster oriiament for 
one of gold, than a stone-colored metallic object for one of 
stone, because the peculiar mechanical properties of a 
malleable metal would prevent its ever being made into the 
same form as stone or plaster (unless for deception). Metals, 
woods, and brittle materials are known from each other, 
independently of color, by the three characters of form to 
w’hich their respective properties lead. Hence gilding can 
never deceive except upm mefals ; and upon these we shall 
accordingly never find it applied in times of good taste, — at 
least, never as a total covering. 

In colored decoration on flat surfaces, all shadowing (i. e., 
representation of the effect of solidity and relief s is a 
falsehood, whether it deceive or not. But observe the differ- 
ence between dmoratum and pidure. A picture (whether 
with or without background is thing, an independent 
whole, distinct from all surrounding things, and therefore 
reqairiiig to be separated from them by a frame or border 
^'either painted or in relief); but whoterer has m frame h m 
pidure ; it is demration, and comes under a different principle 
of design altogether, being not a whck but ap/irl. Xow, 
decoration is of two kinds, eoasisting either of fonns in re- 
lief, or of colors on the flat ; but the latter is given up, and 
l«es Its separate existence if it attempt to a|je the fonaer ; 
we have no longer two Muds of decoration, but only one, 

15 
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Tiz. earring' and sliam-carriiig. But you say, tbe lowers are 
agly without shading, and that if they are imitated at all, 
why may not their shades be imitated ? Here we come to 
the root of the whole fallacy. You kare m business wiih 
imiiatid Jl&wers, in the vulgar acceptation of imitated, i. e., 
vfkd ones. Their place is in picture, not decoration. No 
natural flower is fit or beautiful in decoration ; if it were, it 
would not be fit or beautiful in nature. , The notion, at 
present very common, that natural f i. e., particular ) flowers 
should 1)0 imitated in decoration, is most false and unnaiurai. 
No one thing in nature is natural enough for decorative use. 
This art, like architecture, must generalize, — must copy not 
a natural form, but a natural idea. Its flowers are as false, 
when copied from single natural models, as columns would be 
if copied from a single natural limb. In the whole of the 
works of those who used the most ornament, and n>y universal 
eoiiseiit j the b&i, viz., the Greeks, Homans, Gothicists, and 
Arabs, we may challenge the production of one example 
f except in times of acknowledged debasement j of what are 
ealM natural flowers, that is, sham flowers. 

If you say shadowings produce Imidness and {'if properly 
treated j hrmith of effect, so do masses of dark colors, with- 
out deception, equally well ; for proof of which, you are re- 
ferred to ALL the designs of the above schools, without ex- 
ception. Decorative designers seem to produce few/cm^ 
sot drawn from those exhaustless sources : It is to be wishes! 
they would copy some of their prindpks. 

Much stir has been made, of late, about our Inferiority, in 
all matter of taste, to nelghboiiug nations, who, however, are 
raplfllj descending to our level ; but this stir is utterly vain 
among a |»ople with whom art means ioal. Until we can 
taught that nothing Is beautiful which is not true, we 
shall find taste a jewel l^yond the reach of all the natloiiN 
wealth to buy, mi of ail her power to win. 

SoisetliBK the truth of particular iiiBbers. must be 
to that rf the whole, as in Gothic architecture of 



OF ASCHITECTUEE. 


IT! 


tlie purest kind : in winch the smallest coTerings or heads to 
OfieaingSj though not constructed on the arch principtej are 
neYertheless made to resemble arches, in order to carry out 
the chief gemral truth of that style, which is arcmfum^ or the 
exclasive use of this mode of coTcring openings and spaces. 

CoxsTEUCTiTE Truth and Constructite Uxity are the twTj 
most important principles to be borne in mind, in tracing the 
history of architectare, and are indispensable in any attempt 
to rirai, or even understand, the productions of the two 
standard or perfected systems which the world has hitherto 
seen, — the Greek, and that commonly called the Gothic. 

GoxsTBrcTiTE Truth requires that a bnilding shall never 
appear to be constraeted on different statical principles from 
those really employed in its construction. The whole of rmiern 
Got km architidure is a const rudire falsehood^ because it will 
presently be showm that all the peculiarities of this style 
grew from the practice of constmcting, within buildings, a 
vaulted ceiling of stone, and were solely adapted to a bnild- 
ing with sneli a ceilng. Consequently, when applied to a 
liaiHing not so ceiled, the style must either be made useless 
and meaningless, by copying only its forms without a motive; 
or else, if correctly copied ( i. e., preserving the apparent 
motive, either externally or internally, or both j, it must then 
appear f either externally or internally, or both ) to have 
a vaulted ceEing, "which it has not ; and, in either cmse, the 
whole must be a lie from the foundation to the finials. 

Constructive Unity is a principle no lem important than 
any other unity, and bears an especial analogy to umiy of 
sffte, being in fact the same thing in construction as the lat- 
ter in decoration. I assume that no one disputes the ii'Cces- 
siij of an uniform style of ornament throughout the same 
bildlmg. Xow, coEstniction Is a more important thing than 
omameiit, and has more relation to the higher excellences 
' of the art. Architectural beauty is not mere beauty of 
/#m, mere eumorphy: If it were so, a beautiful form would 
be beamtiM wherever exhibited, in a pepper-box or a tower, 
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a liaksteror a column. In all tlie more important features 
[Iiideeci all but tlie merest ornament?,] the beauty of abstract 
form is to be sacrificed to that of statical fitness; but in or- 
der ibat this may be seen or appreciated, it is necessary that 
tiif Tarious ^pressures be perceived, or a part of them, to 
m’liicii part the members may be seen to be fitted. Conse- 
quently, if It be necessary that the treatment of geometrical 
ffjrm lie consistent throughout, It is far more necessary that 
the treatment of these pressure, or of the displayed portions 
of them, be consistent throughout. 

Now, there me three distinct modes of treating the pres- 
sures of a building ; or, in other words, three stpies of am- 
sfructim. They are all mixed indiscriminatelj in every mod- 
ern building: but it is the peculiar merit of the two hitherto 
perfected architectural systems, the Greek and the Gothic, 
that in the pure examples of each, only mie of these modes 
of eonstriietioii was seen. This is what distinguishes those 
two styles from all others, and the pure period of each from 
preceding and following periods . — construct ire u-nifu. 

Perhaps I should rather call it unitp of sfotk^l design ; for 
the actual construction has never, except in Egypt, 1}een ale 
soktely pure throughout : but a portion of the construction 
is unavoidably hidden in every artificial structure, as it is 
even m every natural one. 

The three styles of statical design were well pointed out 
in the very useful work of the late A. Bartholomew. They 
depend oa the three modes of appljd ig force to solids, by 
crcM-dr&m, hj €€mprmmm, by iensiow These are, of course, 
faialiar to- the reader who has looked into the riidiments of 
eoiistriictive science, to found in several of the volumes 
of tills series. 

The first aai simplest mode of coiistmetion, that employ- 
ed by ail I -iarbarous and infant nations. Is the only one which 
subjects ifiaterials to cross-stroin, the most wasteful mode of 
«Bplojkg their strength. Tlie methmi however, may per- 
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taps be described in the most general terms as iliat of rerh- 
ml pressure, because ali the pressures through out the bniid- 
iiig are wholly in their natural direction, Tertically down- 
wards: and for this purpo=:e all the continuous joints, or 
beds, throughout the sirueture are made kmzonfiil, and all 
the interrupted joints vertimL All openings are covered 
without any deviation from this rule, by laying a 1 team, liii- 
tel or architrave across from pillar to pillar, resting on the 
iat top*: of both; and all ceilings, whether in stone or wood, 
are formed by an extension of the same method: the roof 
framing, being concealed both from the exterior and interior, 
forms no part of the design, and by the Greeks it was prob- 
ably constructed on the third method — that of tension, 
During the prevalence of this first constructive style in 
its purity, ei'erv oblique pressure tvas excluded, as contrary to 
the principles of sound architecture. The introduction in#o 
architecture, however, by the Etruscans and Romans, of the 
new constructions called the do-m, arch, and vault, all de- 
pending on oblique pressure, gradually destroyed the coiisis- 
teiiej of this first architectural system, the forms of which, 
owing to the intrinsic beauty imparted to them by the Greek 
genius, were not readily abandoned, but continued to finger 
on, though more and more debased in geometric beauty, and 
forming harsher and harsher incongruities with the new con- 
struetions, till, in the eleventh and twelfth centuries, the 
great extent of church building, and the desire to render 
these structures fire-proof, led to the extension of the arch 
principle to the covering of all openings, and the ceiling of 
A!-L areas, and from that moment arehitoeture took a new 
turn. From the imenlim of the arch till the nj&dkm of ike 
foim fa period of about fifteen centuries,) every change had 
bees for the worse; the whole history of the art was deham- 
7 mm, frQW. the progressive loss of constructive consisteiicy 
TAe imm was rejtried, (at least in north-western Europe, 1 
and Imiaedlately all was furifimtim and rapid return t-o 
inity. 
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The forms derived from Greece, but bv this time so de- 
crepit as to retain little vestige of their original beauty, were 
now gradually abandoned, and eYcrything old (except first 
principles) sacrificed to the new idea; and so rapid was tlie 
progress, that by the year 1250 in Germany, and by 1300 
IE England, the unity of the new' system was established : 
and now let us see in w*hat consisted this unity. 

The second system of statical design consisted in the com- 
plete aYoidance of cmss-strain, and in the subjecting of the 
materials throughout the whole of the visible construction to 
fori*es of cmipmnm dmrn. It may therefore perhaps be best 
tensed the Compremle Sydem, In order to effect this, the 
pressures can no longer be every where vertical ; and as it is 
a most important point in construction that the continnons 
joints, or beds, should be as nearly as possible perpendicular 
to the pressures acting on them, these joints are no longer 
aaiversallv horizontal, but inclined in various directions, and 
should have been so to a greater extent than the Gothicists 
practised. Indeed, there would be much room for the im- 
provemenl of that system by the introduction both of mod- 
ern seienee and of a larger portion of Greek taste (of which 
It m-fertheless retained a good deal in its best productions.)* , 
Bit Impeifeetly ^ the Gothic aim was carried out in coii- 
straction, and often also in decoration, it was completely ac- 
compEsh^ In statiiml des^, L e., throughout the vmMe con- 

st-riictloa there was no portion of matter subjected, as far m 

the eye ccrali judge, to any other force than simple eompresr 
sloiL When this m the case [and not otherwise] a bniMiEg 
may be tenaM completely Gothic; teing complete in its 
felatl«i ie^B. The geometriod deagn m another 
quite indepeadent of this, and is reducible maialy to the cor- 
rect pxitMg aai snlwtdinatloii cff tte five cl^^ of forms 
mtatioaed In #mr IkI cMpter; a prinmple m 

fc A l»3&ig B» j be perfect in ite ilaliiml d^ign, 
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wb’ile it is extremely faulty in the geometrical, as was the 
ease with nearly all the buildings of Egypt. 

The Gothicists, like the Greeks, employed a tensile con- 
stractiou in the roof framing, that being in both systems in- 
Tisible either from the exterior or interior. Xor w'as this 
roncealment any defect; for, as Rnskin has observed, *^the 
architect is not hiund to exhibit construction;-’ still less can 
he be bound to exhibit the whole of it, to do what nature has 
never done. He may conceal as much as he likes, but may 
not disguise any. Xone need appear, bnt that which dm 
apf^ar must be trm. 

After its cnlmination, the Gothic system gradually de- 
clined, from the progress of a variety of falsehoods, of which 
some were general to the whole of the countries in which it 
flourished; others confined to France or Germany, or Eng- 
land, or the Netherlands. It is not the place to ennmerate 
them here, but to observe that one of the chief causes, espe- 
cially in England, was the superseding of stone by timber in 
many parts, particularly ceilings, and the consequent exten- 
sion of the style of construction best adapted to this mate- 
rial, which is the third style already twice allnded to, viz., 
the tmmle. 

In the compressile system, all apertures and spaces were 
covered on the arch principle, and the obliqne pressures thus 
oiT&sioEed were transmitted down to the ground by mass^ 
of material called huti'mm or abutments. But this is not the 
most economiol mode of treating the said pressures when 
we have materials of great length and strong in tension^ m 
timber and iron. The more obvious and less wasteful mode 
Is tyii^ the two feet of the arch together by a hm of one of 
tliffie materials, thereby eounteraeting the horizontal |x>rtion 
of the oblqiie preffiures, and leaving only their ? errietl por- 
ilm to on the two su|fK>rts, m the ori^nal beam or 
liitel of the fiisl style did, and render all bfittre»i^ from 
without Isstmd of the arch, an arrangenieiii 

rf two or more 1ms or rimters may be suMitated, and Ihw 
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arise the Tarioiis k'mds of tniss, whose perfection consists in 
iiariiig no part subjected to cross-strain, but everj part either 
to direct compression or direct tension. 

Tills tliird coiistractlTe system combines, in a certain de- 
l^ree, tlie advaiitages, and aroids the defects, of both the 
others: for all itsuciirg pressures are Tertieal, as in the first 
style; and yet it avoids all cross-strain, like the sm/nd. It 
saves all the waste of material [not condnciTe to strength] 
in the iinid’i of the former style, and, also, ail the material 
of the in the latter. 

Blit, though there are three styles of constmction, there 
have been oiiij two systems of arehiteetnre, — only two styles 
im^sesslnga/Mtrudkeuniiy — the Greek and the Gothic. The 
third coiistractive principle has yet to be elaborated Into a 
system. The two systems are past and dead; we may admire 
the fading vestiges of their loveliness, but can mter revive 
them. The third is the destined architecture of the future. 


CHAPTER Y. 

Appikaiim efi the Foregoing Primiphs to Trabmted or Bmmmi 
BmiMmg by the Grecian ArckitecU. 

Tsouch the irst style of eonstraction was the most ua- 
selentiie aisd wastefol, both of naaterial and of space, yet did 
it pr»lace the most durable buHdlngs, and also the most 
grand and noble artistic effects. The durabMity arose f»rtl j 
from tlie great masses employed, because it required long 
iBCl stroiig lintels to spaa the of^nings, and alow those 
oi'ieiiags to be as wide as possible ; and thus a wirespoiideiit 
EiM and massiveness of ston^ was needed thro-nghoat. It 
fcliso arose from the absence of oblriae pressures., whereby 
eveij stone became lidepenient of those above or l«slde it 
for so that ao dilapidation of the ap|»r fmrts coalit 

imlti arched balMingsl endanger any thing To 

IlieKJ Fe&soas iiaj added the cxa^ of 
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cTery pressure to tliebed [or horizontal joint] receiving it, — 
an excellence that can never be jperfedl^ attained in the in- 
eliaed beds of arched boildings, however exact may be the 
calculations of the engineer; and, indeed, Is never attempt- 
ed. Lastly, the ambitious nations who best practised this 
mode of building, gave it a great excess of solidity, caleula- 
ted to withstand even earthquakes, and not without success. 

The unrivalled grandeur and majesty attainable by the 
same style of construction, when properly treated, arose 
l^artly from this same excess of solidity; partly from the 
bold projections rendered possible by the largeness of the 
stones; partly from the sublime repose of a structure whose 
pressures are all verikal, no side-thrusting, no action; but 
ekkfly from the redanguhrity of the openings or principal 
divisions, rendering possible the most perfect subordination 
of the other classes of form, or the omissioE f or reduction to 
any extent ) of the lighter classes, and the use of the grave 
classes in minor details. 

In the practice of this system by the Egyptains, there was 
perfect constructive unity, not only in the risH^kj but in the 
fi:W€ construction; ail of which indeed was seen, for (the 
almost rainless climate rendering pent-roofs unnecessary ) the 
only covering was a flat stone ceiling. But this absence of 
hidden construction was no merit (being, in fact, unnatural^, 
and whatever other merits the Egyptian works had were 
counteracted by two grievous faults , — imttentim to ih mh 
miimtlm of iM Jim d&sm of form, and complexity, or 
mfter of umtp in the general design, even of temples, 

the fabrics, of all others, requiring the most of that unity. 

The unity of statical design, then, in the Greek structures, 
was notMng new or peculiar to them. Their exeellence con- 
sistM in the addition to this of the two principles above 
meatlonei; and of these we wH consider, first, the unity of 
general design. 

The feeling wMch led to the of the gravest cl^ of 
form, in al principal arrangemenls, having decided the gei^ 
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ral plan to be rectangular, it might at first be tfionght that 
a sqimre would embody the most perfect idea of unity ; and 
there are not wanting examples of this plan in the nave of 
temples without peristyles, as in the great temple of Ceres, 
at Ekisis, and the very small Ionic one existing in Stuart’s 
time, on the Ilyssns, the cell of which was a perfect ciibe.=^ 
Bat when that beantifnl and sablime change was made, of 
carrying the colonnade entirely round, making all the sides 
alike in character, all eqnally ornate, all equally impossible 
to appear fiat and blockish, even at the 'distance of miles, — 
then the sqaareness of general plan was invariably given up 
for as oblong at least twice as long as its breadth, generally 
romewhat more. What was the reason for this ? A square 
f^ripteral bailding would have led to a doubt, on approach- 
ing it, which of the two visible sides was the entrance front. 
Unless both were alike, the fourfold symmetry would Im. 
sacrificed; but if both were alike, both must be entrances, oi 
appear to be so (as in the graceful w^rk of Palladio, above 
Bttfcctioaed ), "Now the appearance of only om entrance, and 
the isstait dls-eovery thereof, was evidently a most important 
l»rt k that unmatched expression of unity at which the 
Greeks aimed, and -alone, of all the nations in the world, 
attaliefiL Though there were often two entrances, being 
plai3ed at emcb end, only om was viaMe in any possible view 
the buIMiag. But this wm not enough ; the distinct 
statem«t that there wm no entrance in the side, required 
that (when it had a 'Coloaniide) there should be a coluBan in 
Its centre, ^BseqaeBtlj an odd nunater of them ; whie the 
CBtoace frost pw|iilrei m opening in the centre, aid there- 
fore m mm nuaiber of columns. Kow, if theiiiareiire had 
teta mie saafi, {eight columte in front, and sine In 
far Instaice,) the whole. If not square, would have ap|»»ed 
»i tio^h kteiiei to be ,a|»re ; if r«l j ^inare, the 
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closer placing of the columns on one side than the other, 
would have destroyed all the perfection and symmetry of 
that form ; and, in either case, the idea conveyed wooH lie 
that of a blundering attempt at sqnareness. Abandoning 
this form, therefore, the architects adopted as their fnnda* 
mental form the next most perfect :^or regular ) rectangle, 
viz., a douhk sqm re. 

That every temple ( except that piece of barbaric pomp at 
Palmyra) should present its mrr&wer face as the front, is 
referred by Fapworth* to the avoiding all approach to skmr, 
or displaying itself to the best advantage, — a very noble 
idea, and one which doubtless operated both with the Greeks 
and their nearest followers, the Gothicists. But it may bfc 
observed, that there is a less refined reason, which has led 
all nations (probably, without exception,) to make the axis 
of symmetry in their temples hngifudiml, and in their palaces 
trumrerse; the temple being always entered from Its end, and 
the palace from its side. The latter being divided into many 
apartments requires the entrance in that place which will 
most readily communicate with them all, i. e. as near the 
centre as possible; but the temple being a single room will 
Imve the best effect when the eye on entering can embrace 
the largest portion of it at once, for it is impossible ever to 
see the whole interior even from a corner, because the eye 
cannot receive distinct impre^ons over a circle of the retina 
more than 45®, or at the utmost 60®, in diameter. Now by 
taking two lines fixed at this angle, a folding rale, for 
instance, and laying it on the plan of any room, you will 
find, by moving it about, that petition in which they mclnde 
liie greatest fwrtion of the area; and It wl! be found that 
lie more ai oblong room deviates from the H|»re, the more 
of it can you thus me at once; and that, when the room is 
m doable sqiare, or longer, the position for the point <rf 
view is the i»atre of m end; and the mmrd is the centre of 

♦ la tte Em^j m OTwmia AicMtecliire, to Ms ©iit»» of Sfe 
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a side, 'la wliieli place tlie great temple at Palmyra is ea 
tered.y The general use of the former place, therefore, ir 
aacieat (as well as Gothic j temples, is a sacrilce of external 
show to internal effect. 

It may here be remarked, that the uaYe of the Greek 
temples was sot that gloomy, naked cell that some iinagine; 
neither was It coafised to the priests, but opes to ail. To 
Fergttsson is dm the merit of first eluddatiag how it was 
Toofird and lighted- His theory bears mteraal evidence of its 
truth, b€*iiig the most perfect mode of lighting ever employed, 
▼Iz., by what we call in England a clerestory, but witkout any 
&!ker wirJmcs Mr/w. There is an example of it at St. Gene- 
vieve, Paris. The Greek clerestory did not rise above, or 
Isi any w^ay break, the simple out-planes of the roof, while it 
varied their otherwise too monotonous surface. The notion 
that Greek temples were 0|^n courts, or (to use this 
writer's words) a sham temple,” “a colonnade and dead 
wall fiurrouBdieg nothing,” is beneath notice. 

Bat with all the precautions for external utility, it would 
have li^n imperfeit but for the me crowning, alMncIud- 
lEg feature — the roof, with its om ridge and me pediment 
(only one being possibly visible at once.) On this point, 
Papworth oliserves, — ** Towards obtaining this unity of 
effect and character, the combmlng quality of the roof is 
obvioiijily iif«cssarj in the Greek temple; it combines in one 
%pkm the c^el, the portico, and the peristyle, without which 
they would m viewed as parts merely, and to which the ste|M, 
or sapportisg the whole, greatly contribute. 

To eompletc this aaity of effect, only one approach was 
oIitIois under any view of the building; Indeed, so carefully 
was this fTlBciple atteadt^ to, that on the fianks of the edifice 
the ifiaces were armnged m even nunibers, so that a eolamH 
was pLced m the mhiile of its length, and not an inter- 
while the actual approach was always deeiii^y 
Micated by a ceitril opening' in the portico, and by the 
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The hast abofe alluded to was always (in the pure G-reek 
or Boric style ) equal in height to about a diameter of the 
columns^ and the architrave was the same : otherwise these 
two principal parts would have seemed inadequate to l^ar 
the pressure of those columnSj concentrated on distinct 
points of their length. The base was, moreover, for con- 
venience subdivided into thrm equal steps and no more ; for, 
had the steps been much lower than a third of a diameter, 
they would have seemed thin, paper-like layers, quite out of 
place below those weighty masses. Xeither could a Grecian 
eye have tolerated the breaking of these continuous lines by 
the introduction of smaller steps or mouiiting-blocks ojposite 
the entrance or elsewhere. They preferred the inconvenience 
of ascending steps, 15, 20, and even 25 inches high ; and 
unless we can submit to this inconvenience, ail attempt to 
copy a Grecian portico will be an absorb caricature. 

In all great and complete buildings, of whatever style, the 
Imsement, even to a considerable height, consists w'holly of 
kmizmtal lines, running without any inUrruftion^ rise or fall, 
Found the entire structure. Salisbury and Milan cathedrals 
«e the grand examples, but it is seen in all smaller Gothic 
works if pure, and completed on one design. The peculiarity, 
therefore, of the Greek basement was not the unbroken 
kffdzontaiMy of its lines, but their unbroken phn — str^ht 
from comer to corner. 

In the Grecian design, up to the roof, we find all principal 
members and lines horizontal, and aE secondary ones vertical 
— a consequence of constructive truth ; the vertical-pre^ure 
conslmetloii requirii^ all conttnuous joints to be horizontal, 
and al discontinuous ones vertical 

This truth also required the continuation of the comice 
hcri'iioatailj across the ends, ftho!]^h not there necessm^ to 
liirow off the wet, j l^cmuse the two inclined eoraices above 
would have given the expresrioa of oblque pressure, nnleffl 
tiei leather into one triangle by this feature. By this 
inmns the constractioa of the rwf^ though not |M:raiMe to- 

Ifi 
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l>e displayed, was truly indicate esteniallj. MoreoTer, a 
Biipport was afforded for the glorious omameEts in the pedi* 
melts, wMch gave life to the whole. 

In descending from the general design to that of the parts, 
we find every where (in the Doric order) the principle of 
crmlrarf carried to the utmost extreme ; the opposite one of 
grad&iwn being as nearly as possible excluded. I ana con- 
vince that if we really understood this principle of covdrad, 
and determined to embody it almrn without compromise, in 
a vertical-preffinre building, we should be led to the complete 
Doric order, though we had never seen it. 

To b^in with the most indispensable feature of Greek 
baildinp, the cormce^ ( for columns and architraves were not 
of universal use,) we must observe that in all countries where 
it mins at aU (even in Egypt) this feature springs out of an 
absolute constructive necessity : for it is impossible com- 
pletely and durably to exclude wet at the junction of the 
roof and walte, but by making the soof plane advance be- 
yond and cover this junction. (Fig. a.) It is obvious to a 
chid that this mast effect the object at once. But as in 
Chii» it is nectary that women should not walk, and in 
Ja|»ii that teeth 'should be Mack, so it is necessary in 
.England that this natural arrangement of roof and wall 
should be revei^l, that the roof should be rather than 
sufficient to cover the bulding, and the wall raised to mit- 
the janerioa. 'Of course, thiS' requires & great waste of 
ex|«a» in mMOBStruction, or rather patching, to k^p out 
the wet from season to smsou ^ bat on this, trades are said 
to d^»iid ; Slid, of coiirw, the ori^nal fatehoc^i has to be 
di^ul^ and palliatei by fie upon fie. (Fig. b.*! 


Hie tiffiae of eirore to we wm thus M wil w^s«yr 
HM»e hj toe foHowii^ « 
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of the rmf amd tosK w a® 

EngliA hwdimg, 

p, Tl-,e T, The tie beam, 

a. A priacifAl rafter. ' 
f €)« of the Biinnr rafters not ti#a 
’ bT the feet bat thrustiag oat- 
wards. and hariaf to be s jpported 
by the fKde- plate and a pariln (»ot 
seen) wbicli. coBeentratiag the 
wii'ofe weight Of* owe p of the 
princip^ rafter R, calls for an- 
8ii*»*ae'th therein. Above 
T is s-wa a set of snpjiortK, 

the jSrtl ol which fonr sets would 
have if properly dlstri- 

Iwted. since it snpports all the 
©thers besides tbe covering. 

The Rktes or tiles made so sbtrt as 
by their overlapping t© be€«s« 
moeh h-m inclined than the gei^rai 
plane cf the rwit and thas call for 
nanewssary height therein, 

G, The i^raftet or roof-hider, hnSt 
chicly ©a rrt^iag wo&d 
G,, ©se lead fatter, capable ^of_ov«r- 
•owisg ©r legsMng wUkm the 
bniMiBf. and immedi»tely ©va: 
the chief timbers, 

W, fhe wliole weight ©f the reef :<«»- 
c^trated ©a a p®iat for t1^ 

walls. deSecting the tie-twtm and 
thereby the wal ©at- 

Wllrf. 



Jumdkrn of the roof and woU in 

iffreei: buUdlng. 

A, The architrave, or last waii-»arae 

bat two. 

B, The friene. 

C, The comiee or salient ©oai^. 

P, The wall-plate. T, The tfo-beam. 

R, A princl]^ rafter. 

rr. Minor horizontal rafters or^pnrlins, 
nnmerottfi enoagh to distribute 
their weight eqmaUf throughoiri- 
the length of the principal rafter 
R, and immediately receiving the 
covering. 

The tiles, or marble slates., In either 
otge made long enoagh to have 
xseariy as mach inclinatioa as the 
rafter E- 

1. Tbe epitithedas (overwttiBg) or 
stone gutter. emMrdg wiik&^ the 
bnOding, and the inner brim of 
which., ben^ higher thsn the 
oater, prevented the 
ei an overflow’ wetting the timbers, 
W The weight of the roof acting on 
’ the exact mn^ of the wall’s 
thickness. Mmtdymff apd not 
&r&Min§ it^nd not defleetlsg the 
tse-feeam. 


Bnt tbe intense ngline® of bu ild i ng s witbont apparent 
covers, OT with «»>vere just too aoaE, and sliping down 
wi thin * rf course Iwds to the n«»ssity of a sha m cornice, 

• •niew««i>rf&.kioniiideriw4fr<®>tl» 6«rtWc to wMci tUt 

.rasatltfeeri d«»pti««,Bor«dUlrad to fimltj ooBstartiM ; fcr the 
ehsrehw tha» Smshed were Itmrt i®» jSoi tt>iek, eDorrag xoMt fa » getter w 
tie eeetre, betweea two BttSe wrfli, of whieh the eeertitetee the jmaKt, 
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ft i.‘Oii<ira€tion of lath (or other pendent coatriTant® j 
and poster, the harden of which, pulling on the thin outer 
is snpposed further beneficial to trade. This piece 
of r'cenerj is sometiiEes continued all round, but geierailj 
eomiii«d to a side or two, and returns ronnd the angle a few 
inches, in order to gire the spectator the double pleasure of 
being deeelfed when so placed as to see only one side, and 
aidatiT^ wiei he turns the comer. 


THE FRIEZE OR KECKIKO TRACED FROM 
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tottclied) prfected by tbe Greeks, and to ba?e descended by 
tradition for 3000 years, tbrongb aE tbe Yicissitndes of 
Roman, Romanesque, Gothic, and post-Gotbic fashions to 
onr own day, 

A bnndred generations of men have now admired this pe- 
enliarity, — liaye felt that it could not be omitted without de- 
terioration of beauty. Why is this ? 

Let ns hazard a conjectnre. We haTe said that there can 
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AR^-par. 


ferlj GotMc Gotaic 
Stall. B&semeat. 


Late Gotiisc Modem 

Pedestal WalL 


M BO contrast between two things totally dissimilar. Con- 
^nentlj, there am be none between two such thin^ as a 
cornice or capital, and the wall or below it. They 
have no point in common. Now, if we intraluee be- 
tween the two, something that shaE have a resemblance to 
the cornice in one respect, and a semblance to the waE or 
mass below m another req)ect, it may form a contrast with 
etch. This can be done by catting off {by a line,) from the 
general mass, a portion about equal in height to the cap- 
iag, or the mass of shadow cmt hy it. This wEl resemble 
the dark band above k size^ but eontr^twith it in hmmd- 
If : it wll resemble the mas beneath in and limia- 

«lf , bat contrast with it m d2^ and thereby increase its 
appareiit height, which, I toik, any one mast perceive a 
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sweep, [tbocgii tlie intense snnsMne of that climate casts 
the sliadow of the latter in such a way as to form a sharp 
contrast of a dark and light band nearly equal] Bat the 
Greeks, aiming at the most nninitigated contrast, thonght 
the carved snrface too light a form for the severe sablimity, 
which was their object. They, therefore, made the soffiit 
and the frieze two distinct planes, meeting [at first, proba- 
bly,] with a right-angled nook. The muiuks, fancied by- 
some into copies of woc^ien coastmction, have not the 
slightest r'*-:iriblaiiee to any thing of the kind, being far too 
thin and broad for anv rafters’ feet ; moreover, the practice 
of falsification, or copying one material in another, was to- 
tally offiosfcd in principle to every thing the Greeks ever 
did. T!if'^e feateres, together with their drops, are sup- 
posed, by Fapwortli, to be intended among other piiqtoses to 
break up and confuse the edge of the shadow cast down on 
the frieze, which edge, if straight, would most harshly cut 
the sculptures thereon by a sharp line, besides appearing 
like an architectural division, which, varying in place with 
the time of day, c*ouM not always be pleasing ; and that 
liriadple In arcMtecture would be violated which prevents 
tie projects shadows firom disturbing the adjusted propor- 
tions.’’ The triple tiers of drops, it may be observed, so 
sitiiat«i as to be alwQfs seen in perspective, present the only 
oraamest coBsisteiit with severe simplicity ; owing al its 
^uty to regalar repetition of similar ol^ecte, without any 
lieautj of form in the objects them^Iv^, or any introdnc- 
tiOB of the principle of gr&daiim, except that unavoidably 
iroducai by f^rei^tive. 'The id^ of such m OFiaineiit 
mm have l»ea taken iom plants in a field, unlfonalj ar- 
msged for agricultiirai economy. 

Tie trifljplis are now genermlij thought to have been [as 
regards the mere iim] derive from the elustera of upright 
leeds altematiiig with clpiim or moiic^:mias oa the Egyp- 
tian frieze-corBiee. Bit it ieems to me that the mere aim 
«! aid severe simpfidty is quite saffieieat to have 
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rendered them necessary. The mass of horizontal lines in 
the entablature required to be contracted by Yerticai ones, 
and the frieze was the only place admitting them, the cutting 
of the arckitram vertically being snch an obvious fasiehood 
m not to be entertained for a moment, while the chief plane 
of the wrnke was horizontal. But the vertical lines could 
not be repeated all along the frieze without, not only great 
monotony, but positive physical injury to the eye, as any one 
may find who looks intently at a nmnerons set of parallel 
lines. The alternation of a group of lines and a square of 
ariilpture more completely carried out the principle of con- 
trast, besides giving a field for the sculptor. In Egypt, 
each of the^ groups of vertical lines consisted of five or six 
hemi-eylinders ; but the Greeks eonfioed it to the smallest 
number of repetitions that could exhibit equal-spacing, viz., 
— and, instead of the soft rounded hemi-cylindei^, they 
adopted the graver form of odagmml fiisms ; obliquity [but 
not curvature] being admitted in these minor features, rather 
to enhance the severe recfrmgularity of principal parts, than 
from a childish search after variety. 

The two planes of the fneze and the soffite being thus 
each crossed by transveree lines, it became an object that 
these two systems of lines should make the most 
rectangular contrast with each other, not really — ^but 
ally : for this purpose, the r^ angle between them was di- 
iianish^i to lem than a right angle, by making the soffite 
slo|» forward, which has the effect intended in whatever 
way viewed, as will be seen by the following sketches. 



w 

A represents a Boric entaMmlmre, with the soffite sloping 
over ill the usual manner, la whkh It will be sees that al 
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tlie angles a, d, c, &€,, appear, in eooseqnence of %he p€ra|«o- 
tiYe, more nearly right angles, L more abraptly cemimMM 
than the corresponding angles in Fig. b, which shows the 
appearance of a horizont^ soffifce. This effect will be equally 
trie in an angalar Yiew, as s^n in the two ignr^ below 
I A horizontal, — b incline soffits. 
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othenrlse occurrmg "between tbe completely ornate and com- 
pletely plain member. The decoration is applied under eaeli 
iriglypbj because tlie same niunber and quantity of liorizontal 
lines that suffice to support and bound the metope sculpture 
would not suffice to stop and contrast these groups of strong 
vertical lines. The principle is exactly that which led the 
Italians, whenever they had a string-course serving as sill to 
a tier of windows, always to attach somdking^ it hardly 
matters what, under each window or each window-jamb. 
The snb-triglyphs are simply repetitions (with less projection j 
of the nmtnles ; and this repetition serves more than any- 
thing else, except the cap and iieding repetition, to give unity 
of style. 

Descending to the column, we must observe that the pro- 
file obtained, as already explained by the generalized imitar 
tioB of liml>s, though perfectly proper for the support of a 
plane extending in ecerp direction from the capital, fas a fiat 
ceiling,) requires an addition to fit it for placing under a 
beam that extends on only two sides of it. Unless the archi- 
trave were as wide as the echinus (which would render the 
whole top-heavy), it would not press on the whole of that 
member which is eS'Sential to preserve the analogy with an 
animal extremity. The abacus, then, presents the simplest 
possible way of spreading this pressure over the whole capi- 
tal, and its thichness is regulated by what is found by 
ex^rleace just to give the expression of snfficienej to this 
piir|»se. If too thin, it is apparently useless, and if too 
tMek, mmece^rily massive. 

The shaft, as already noticed, though require by con- 
venlencs to Be rmfid, is, nevertheless, m«ie to present 
(light-angled) edges. Nothing couM be m eontraiictory in 
priBrlple, to everything else in the Doric older, m the sleek 
fatmu of a coispletely rounded shMt, who^ ma® only ^ves 
It elamsiness without the slghtest expreffiion of power. A 
Dormn eatlrelj deterred &om the use of fiatings would 
have made ins colamns ^uare, at whatever sacrifice of eon* 
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femeBce. Tlie first improvemeBt on the sqaare wotild he 
hj troieating its angles, to reduce it first to an octangular, 
and then to a 16-sided prism. Bat the contrast between 
two successive sides of this being very slight, and liable to 
be eoanteraeted by the faintest weather-stain, this contrast 
was exaggerated to the utmost, by so hollowing out each 
face ts to reduce the arris to a right angle. The same thing 
was done for the same reason by the Gothicists in many of 
their octagonal features (see ninth example in the parallel 
of neckings in p 185). There is only one case, however, of 
the 16-sided shaft — that bold example crowning the promon- 
tory of Snnlum (Cajm Colonna), evidently designed for dis- 
tant view. Everyw'here else we find the sides increased to 
twenty, on account of the common-sense principle which 
re(|uires that in every stmcture, as solids should be over 
solids, and voids over voids, so should projections be over 
projections, and recesses over recess^. Let the square in 
the annexed figure he the plan of the abacus, and a ha^ part 
of that of a 16-fiuted shaft. If a recess be placed as at a a, 
tieneath the most receding parts of the abacus, (or those 
nearest the axis,) then a recess also, as at will come 
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It miflit be tboaglit that contrast would be tetter con- 
sulted by .making every reee^ss or date, a pair of plane? 
meeting in a nook, as if the plan consisted of five superposed 
squares (as practised in some Egyptian works with a smaller 
number) ; but not only would this introduce unnecessary 
complexity by doubling the number of lines, but by drawing 
the outline elevation of such a column, we shall find, in 
going from the centre to the side, a breach of continuity — a 
sudden change in the law of gradation, at that recess where 
we first lose sight of the nook-line. Though gradation -was 
to be avoided, it was felt that wherever it did unavoidably 
occur, it should be continuous. A sudden breach in akp 
,.radation is ngliness, because it is neither regularity nor 
r’-egularity. It is the same principle on which we condemn 
tiie sudden change of curvature in the Tudor arch, and any 
change from one curve into another, except the perfectly 
contrasted fiexure, as noticed in Chapter II. 

There are obviously only three sim^€ mcdes of striating 
columns — ^bj convexities alone (mding ) — by concavities 
tloae {D&rkfimimg), and by alternate concavities and con- 
vexities The last is the mode most common in 



»tare, b€»iise stnation is here confined to dsgoM 

(iwl grm^) lijJeclB, and tfiis k ..atetractedlj the mmt 
kind, being al gradation and no wntrast. Of ibe othff two 
modes, the I>oric aSbrds intMt eontimt, for several reasons, 
PIret, aH its fines {which are &e only platM where eoati»t 
light and shade «in o<xur) are visible, — while in the 
rMdrf -fcofuiBiiy only a few tibe nook-fin« can be wen at 
OBtt. Kext-, only two of th^ nooks in the r^ed example 
m r^£ve the sun as to have one side shaded and yet the 
act ^^owed by H as at. k In the nook c, both 
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«des receiue liglit, tliongh not equally ; and in dj one casts 
its shadow on the other : now the edge of a cast shadow 
can never have the sharpness of contrast that an actual edge 
of a body has. Moreover, in concave snrfaces, as already 
remarked, the east shadow of the edge often (in sunshine) 
reduces great part of the concavity to eqnahle shade, and 
thus obviates part of the gradation that is unavoidable on 
convexities. 

The angular plan of the column ceases at the top of the 
shaft, because its continuation throughout the swell, or 
echinus, would introduce too many 'Curved lines. It would 
lie more elegant than the present capital, but less fit in a 
eompcwition of w^hicb grand severity (not elegance) was the 
aim, aQ'd in which the curves were made* as few as would 
just suffice to give greater value to the gen-eral rectangularity. 
The long fiuting lines, then, being stopped suddenly, the 
same principle that called for the sub-trigiyph, required here 
the contrast of strong and repeated horizontal lines. Om 
was not ffliffideat- to stop such long and strong lines as the 
arrises; so tkm, fmr, or fimof the^ stopping lines {anmiMs) 
were made, according to the height of the column, and their 
profile orefulij studied to produce the strongst alternation 
of and shade. The PiKstans trusted to intensity instead 
of naaiber, and substituted &m deep, black hollow, but the 
leav^ liitraiiioed th'erein show a great decline from Doric 
feverity. Indeed, all the colonial examples are very Impure 

The A'MimliiW'-aad ^ential to the character of 
Imb-coIttiBiis, do not, as might fee thought, interfere with the 
if vere rectaiigaiarity of the style, but actually incr^se it 
when seen from a near point of view. TO' explain tMs, we 
ia»t> rememter that the ocular images -d* obj«ts are formed 
oa the retiaa, which m not a plane but a surface, 

Mid the most severely contrasted angle is not always an 
ictoal right angle, nor yet that which a|^»are most so in 
^rs^ctlve, bat that whose on the retii» is most right* 
Every Aould undeistand jicr^K- 
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&c, i. e.j projection on a spherical surface of which the eye is 
the centre. It is by no means a difficult sabject^ perhaps 
easier than ordinary perspective ; and the architect would do 
well to consider (as the G-reeks did) not only the elevationj 
and the effects in plane perspective, but especially the 
spherical projections of any thing, for those alone are really 
its vis mi appearances. 

Xow, when we examine a colonnade, arcade, or any 
similar alternation of masses and voids, w'e never place our- 
selves opposite a ma® or projection, (column, pier, or but- 
tress,) bnt always opposite a recess, (intercolnmn, arch, or 
window. The visual ontline of the column, then, is le® 
important than that of the intercolnmn. Every one mast 
have oteerved, when opp(Mte a Boiic mtercolnmn, at a 
distance about equal to its height, or rather more, the intmM. 
sqmrems$ of Its effect. This is localise its ocular image is 
mme rectangular than if the opening were actually rectan- 
gular, like a doorway. Let i, in the following igure, be the 
place of the eye in a horizontal plane, x x ; and let' the 
vertical plane a. c, a c, ^contain the geometrical daatwm of 
two columns, c c. If the sides of the intercolnmn (or a. b. 



A b) were vertiml, they w«^dd he projected in gjherical 
|»r^»ctl¥e m two pirtioM wi grmi arife* m«tiag « tie 
g|^tato/s zenith. Cois^uentlj, the image of the opening 
would dimlnmh upwarii, ike a |»ce of one of the gores of m 
giol» ; and Its top, b b., projected, also, as a portion 
^ a great circle, would make an Mtm angle with each of 
the sties. But let It be r«|iiir^ to make the ocular image- 
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m seen from e, parallel-sided and rectangular. Tlie sides of 
this image will then be parts of the two parallel circles^ a h 
f. d, 0 h c d. The rays drawn from e through every point of 
these two circles will form two very obtuse cones, whose 
f:omiiiO!i vertex is at e , and their common axis x x : and the 
Ti rtical plane c c (being parallel with their axis) will so cut 
the^e two cones as to form the two hyperbolas a b, a b, 
which will be the form that must be given to the lines that 
are to parallel, as seen from e . To give the opening, 

therefore, the utmost effect of rectangularity, (as seen from 
this distance/) the sides of the colnmns must be a pair of 
opposite hyperbolas, having their common centre at s, and 
their asymptotes, s, s, s s, making the same angle as e c , e c , 
eonse(|aently the same as a e a ; or the angle which the 
breadth of the intercolumn subtends from the distance chosen, 
which distance will vary greatly of course in different designs, 
but can never be less than the height of the order, because 
the eye cannot see the whole of an object at once that sal»- 
tends more than 45°. 

Whether this were- the exact curve given to the entasis, 
I have GO means of ascertaining ; but this seems the only 
reason that wil assign any fmrticular curve. With regan! 
to its dependence on a certaiu chosen distance of sight, it 
mast be observed that, nearer than this, we can only see 
details, and hardly take in a whole column or intercolumn ; 
whie, at all greater distances, we take in semral such 
divisions, and estimate their form rather by the axes than the 
OKfliaa of the columns, so that their limb-fike form does not 
interfere with the rectangular nature of the prlici|»l 
divkloiis.* The thought and provisloii bestowed by the 

♦ fte'W tMa^ i» Motera firee&n €»ri»tmres are i^fcr thaa tie upward 

la wi€t& ef a wiBBsaifl sm® teagtiL, as tfec liaigest in tke fremt rf 
ftitliili, Maiftaa. Bse llamas telag ^ witla axes a|aignt, tlaeir iBis«: 
iMm away fewi tii» wali. Ksi (wfeea -mwei &«» &m ©ai oi tfae 
af p»r effwat mmmt laffm mtk a Aari foartie#, 4oes 

Iwtaase tliae c^aiag *1 ferfeer ei'ii, (11» tbww 
art 'ml ap^tar sa,. B«t tli« fertber it is 

-fct Mai wUI *t ti» feap-r tM ®®l«i 
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Doric arcliitects on tlie effkit at ciw'f possible distance (froin 
miles down to inches, from their work) Is most remarkable. 

The mrredimis are another most admirable refi De- 

ment peculiar to the architecture of the Greeks. This effect 
does not reqeire the presence of more than one column, (so 
that it cannot depend on the intercolumn,) and it disappears 
beyond a moderate distance. It is explained perfectly by 
the fact that when the eye is directed to the middle of the 
col muffs height, (which it mnst be to see the whole,) the 
apper and lower parts being, the one more distant, and the 
other nearer, than the part to which the eye has adjusted 
itself 5 they will both produce on the retina, indistinct Images, 
ont of fcM!iis, and therefore too wide. The effect may be per- 
fectly imitated with a model of the ^e, or a camera-obscnra. 
But the entasis in Greek columns is commonly fmre than snf- 
icieat to correct this illusion, and so we should expwt both 
from the treatment of the intercoinmn aboTe explained, and 
from the generalize Inaitation of natural columns. 

Bat the most general source of the illnsloiis to which these 
corrections were applied, wm irradmtum^ or the spreading 
of lamlnoiis impre^lons on the retina. It is this which makra 
the angular colama of a fwrtico, seen against the sky, ap|:^ar 
narrower (unless made breeder) than the others against 
a grcKiBd darker than diem^lxes. In e«ih ci«, the lighter 
image encroaches on the limits (ff the darker, 

— ^the sky on the d»k colnins, — the Ight 
colmnns on their back-groind. As this fw;t 
(l«f«tlj ffl'^bifehed in opfies) is stmngely 
iispated by MMte .arcMtecte, we sibjoin a 
ignre that wifi fnrafeh an exj^rimental ilns- 
tralioa. liCt Ihe reader, from the distance of 

tie mmm lioaM tie ef tl* columns Imxx iawMi, iioagli fkef nmm 
3Mei icfta so misels *b to tie fH»Er sides faite Tcrltal. We As»li ttarelw* 

«i?ierTe S a g proportlcia. fte irMHi rf at fiie f iwr ,* at fiae ««3- 

= * itategiii : tieiiatgwrffwsBfiilf 

t» t&B mSSjug, Ttsiw rale wosM tiwB' lawar# rf tlMs crfimaits ob ft® 

rf m tcBipie, pmto* tima m the wMA fi» fctet i^asmrtgnailBa I 
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a yarf, estimate the relatlTe widths of the two ends of this 
rectanglej md then measure them. The drops imder the 
tsenisj if made cylindrical, will appear to taper downwards, 
from their tops being seen against the shadow^ of the filiet 
above, and their lower ends against the bright surface. To 
correct this, they are made slightly conical in the contrary 
direction. So, also, columns with vertical sides seen against 
a wall, the npi^r parts of which are shaded more than the 
lower, (as always happens behind a colonnade,; will ap|>ear 
to taper downwards ; and to correct this, seems the only ob- 
ject in the slight and hardly perceptible upward diiniiiution 
^ven to ante, and perhaps that of columns in the lighter 
orders, which are not imitated from the animal type. 

Some other corrections may be called rather astMic than 
optkai^ being directed against illusions of ^erceptim rather 
than sense ; many of which may be traced to the well-known 
effect of contrast^ always to make the difference betw'een the 
things contrasted appear greater than it really is. Red and 
green placed together, appear redder and greener towards 
their jaiictloa than at a distance therefrom ; and this I hold 
to te applcable to al contrasts of whatever kind.* Thus, 
angks being contrasts, the difference of direction between 
their two laes will seem greater than it really is ; and hence, 
except in the case of a light angle, (where this difference is 
a maxiiaaiB,) It will be increased ; i. e., every oblique angle 
mast appear leis oblqne than it Is ; an acate angle l>e ap- 
^rentlj Inermsed, and m obtuse angle diminished. To this 
I attribute the f«?t, that the general outline of a portico, 
with all the mm of its colmnns vertiml, seems hrmSer at tke 
iif , — ^aa effect not, I believe; observable when there is m 
pediH^nt. la the outline, we have three obtuse angles, abb, 
€«li of whieh belig apparently dlroinishcd, (as by the 
iottei lines at h &,) all wil! evidently coES|-/iie to make the 

*Mm Twy ©fe-rfesK Is & Wfetnef €r itty r*f^t greatlT 
{fe'fm' r*f tilt &,£i« ftf » ntsMtmtt, im > we liial m wfMSire 

I riwajs iiii tint »« hM,w% mmr-^slhmt»i ilfcr&i#*® 
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sides apppear to OYer- 
liangj and tlie effect will 
be further increased when 
the outline is connected 
with the gronnd-linej not 
by a right angle but by 
two obtuse ones, as at d c, 

! which often occurs from a flight of thin modem steps, or 
from perspective lin^ of stylobates, &e.) The mere 
dimiiiiitioa of the comer column is not snfficient to counter- 
act this effect, at least not in the case of the lighter orders, 
where the diminution is so much less than in the Doric ; and 
hence the axis of the column should be incHnoi, and, to 
equalize the spac^ betw^n the (^pitals, of course the axes 
of ail the columns mast have a general upward convergence. 
ffMs agrees with the result of the latest admeasurements. 

The antique orders seem to have onginated in different 
parts of the world — the Doric being the only one that can 
properly be considered a Greek invention ; the Tuscan a 
m^odiicatioii of the Doric ; the Ionic an Asiatic importation. 
Hie Corinthian a reflnement on the Egjrptian and the com- 
posite rather what its name would import than a separate 
order. In all Asiatic styles, also, tiiere is a tendency towards 
lateral projections from two oppc^lte sides of the <»p!tal, 
sometimes turning upward, and serving as brackets to the 
architrave ; sometimes pendent, and reminding one of volutes, 
though not taking that form. The hax m another Asiatic 
feature, and- regularly incimses, the further »st we go, till 
in India It sometimes, with its mnumerable monMai detmls, 
reaches to a height exc^ilng that of the shaft Itself. 

Before Its adoption In Qromm, tl» Ionic order was cmtIwI 
to consMemMe perfection la Aaa Minor, in a fonn more 
nearly approaching that now u^i, but gr«tly Inferior to the 
Alheaiaa improveiaeat, wMch we have already briefly mea- 
tfeaei as arising from an acCTrate feeling for the sulxirdmar- 
tiom of the ive class® of form which in the Aiaatic exaiii|i€« 
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Tliere is a fair specimen of these works in the fine tomb 
or monnment whose remains fill the Lycian Room at the 
British Maseam, and I think any one most be shocked at its 
want of an apparent architrave, and at the- huge block-like 
dentils, fit only for an engineering work, placed above so 
delicate an order. These features are known to have been 
anciently practised in Asia Minor, bat never in Greece.* 

* Theise remarks must not te misimd«rstood to applj to anj tiiiag Iwjoiid the 
rndm"; the general form ani arraageiBent of that and other lonlon tombs feeing 
afeoT© criticism, for their gmee, lighteess, varietj, and eheerfulDees, so opposite 
to tli« gloomy agllaesa and sham massire^^s, by Christians thought essential to 
every sepolchal. The mmt Siraoias of these moHOEaents, that of Mausolns, 
irlikh has given a name to all pompons works of the kind, has nnfortimatelj left 
mji vestige ; and the statememt by Fliny, that it measured on the north and 
aeatli ® fret, bat was shelter on ihejh&rts, yet 411 feet In entire eireuit, has 
ssade it » kind of problem to restorers. Snppc«ing the frcmM to be (« in all 
aaeieiit bniMisiffa) east and west, it will be seen that the ilan must have been 
wSher ot c neifiprm. The former would by Its oblique angles exclude 

the me of the lomk {the oaticmal and sepalchral) order. The exprea-toas 
** attolitiir is altitadiaem xrr enbltis : ccdumnis xixvi ♦ * supra 

pteroa pyrnsils altltadiae iafericsrem (pyramidem) *f|!iavit. xirr gradlbuB in 
»etae «e««ea se ccetrahens” »em to imply a haisement 25 cabita hifh, them 
% a»i above it a pyramid, eqaalag the height a/ /Mai (sar- 

rossded ^ the e^QUMade.} The Sziml was a qaadriga, rraking 1 be total he%M 
14® fedu wheMB that of tlie hasMuemt mad quadriga being deducted, wouM 
tesve » « W iw tteorfer wrf pjramli ©r about 40 &r theonler alme. whose 
if wouM be abeat 4 ie^ ia diameter. The annexed armngement 

iihows how 36 of them, with a systyfe 
Sfsacing, could serve to cover the whofe 
pMss, by means of ik’obeaied domm^ (Kke 
that rf the' bwatifai toaib at Myiasm,) 
resting ©stwardly ©a the columns, ani 
iHwarilj on the sides of tin® pyramM. 
A tecastyto fortic©. €3 feet wide, wtj*H 
appear os mcli ianlL, aad a tetastyfe 
©a® (with a p«ii»eat| on each fw»t ; 
asid B© bM,m would Tbe required of gimter 
<i^m than 11 feet, that of the arckitraTes 
ineiag mUj S fret. A late restomtion 
wiikh chaBenges the prwluctloa of a 
better” las nearly sB its arehitravw «f 
If feet spaa, and fc-muag the cw.’y 
fe m pyramid t^.eaiiisg orer the who!# 
{which fea-s iloBhle the area 

rf itat l«re gives,} the most jsasBive of 
1 ^ fsmi# kwing thus AMsieS 

% air oa ctilttma#*, and these rf tis« 
CkHtsthma erderl 
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Tbe immense temple of EpbesnSj and otters^ hardly infe- 
rior, in most of the cities of that country, were Ionic ; but 
the Euriipean Greeks, with their general accuracy of taste, 
confined this order to their smallest works, m m’-Mcii, sub- 
liirity being tmattainabie, elegance was substituted ; and 
perceiTing that the character of their national style would 

entirely lost, without any equivalent, when the cokiiiiis 
were reduced in thickness to less than a sixth of their 
height, f'tlie proportion of a lion’s leg,; they wisely rejected 
it in such buildings. 

Of the exquisite curvilinear forms invented for the adorn- 
merit of the Ionic order, none is more general, and yet less 
understood, than that called by them anihmion, and by us, 
the honeysuckle, though it has not the slightest resemblance 
to that plant or any other, being no representation of any 
thing in nature, but simply the necessary result of the com- 
plete and systematic attempt to combine unity and variety 
by the principle of gradation. First, a line of beauty” 
was formed, — a line of contrary flexure, of our fifth class, — 
not of cmtrasted- but gradated contrary flexure. On the 
principles explained in Chap. II., the unity and variety were 
further acgniented by a gradated increase of breadth from 
one end of this line to the other ; then a series of such lines 
were eombined, not all alike, but gradated from the longest 
to the shortest. But as this did not produce a symmetrica! 
or uniform figure, the untformity of halves was obtained by 
joining two such series of iin^ in reverawi petitions : thus 
we have one of the tuft-like forms that compose the |»tt€ru 
At first these tufts would be made al alike, but they would 
soon 'discover the graceful variety attained by urisg two 
such forms alteraatelj, differing chiefly in their mm^ of 
lines, but both compost in the above manner. As the 
lines, however, eomposing the^ fignr® are not long eaoi^h 
to aibri an ertmsiw display of gradated eurvatnre, siieh w 
gives to spirals their exqnkite the irtkts could not 

the Introdiietioii of longer fis^ in whidi the carvaf 
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tnre f'eTaoeseent at tLeir Diiddle) increases np to each ex* 
treiaity so ns to form curls or Tolutes ; and these, associated 
witlj the above forms, complete the anthemmn in all iia 
Tarieties.* 


IoeIc anthemioii.. 

As a systematic attfmpt to embody as perfectly as possi- 
ble, in a beamed hiiildiiig, the one principle of cmtraBt, would 
lead any designers to the Doric order and nothing else ; so 
the Etttrnpt, in an ornament, to emhodij gradaikn alone and 
unmixetl, must lead to this precise combination of forms. 
The tracing of the solutions is easy after the problems have 
been solved. We can all make the egg stand, after Co- 
lumbus. 

The introduction of the anthemion into the Doric order 
was, in itself, a great abuse, but was palliated by certain 
changes made to diminish gradation and increase contrast, 
snch as the omission of contrary flexure in the curves, (i. 
reducing them from the fifth class to the third,) the terini- 
nating them by angular instead of rounded ends, and the 
enclosing of each set of curves in the Gothic-arch-shaped 
border, crossing and violently contrasting with their diref*- 
tion. An ornament more fit for this order (but iierhaps 
(mrTTiag the rectangular principle to excess) was that called 
the /t^, which, it should be observed, was, anciently, never 
more than a paired form. It was left for the ^ and 
eoaat^ of S<Miie to perpetuate such a thing in carved 
marble.t 

• Slaee rt tMs I firf Haj, io Ms ** Il«j en Ferm, ^ 

lias f>'f tMs mwamt m indkar X'^eelea tbft iieticn ilmt 

14 Ip 

t W# mast Mm- wmrs the vmim- a^aiast a reHm*laiWe ctf EasMii. TU© 

•m}^^ ef m sreMterlmre iepeafis fc. Me SsffrM ©a tlae 

fcScr eoatalja. If It <114, tke fiaftst iWMiwitB erwr exeemteS. wosM 

tl.e «*t' me tbsmm tUat fea.af 'brfjw eertem la^iaa Bet the min-*! 

®f ©iMsamt® {tefea-ls wbcBjfw fee tboo^M, of «iawfcl toftor. eta- 

I wietSiS® feat be pmt mr imail, it is ©sssmSal it i» •ot 
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Wbat Sir J. Reynolds observes of Ms art, is applicable 'to 
every other.— ' Sueb as suppose that the g-reat style might 
happily be blended with the omameBtal, — that the simple, 
grave, and majestic dignity of Raffaelle, could unite with 
the glow and bustle of a Paolo or a Tintoret* — are totally 
mistaken. The principles by which each is attained, are so 
contrary to each other, that they seem in my opinion iriconi- 
patible, and as impossible to exist tc^ether, as that in the 
mind, the most sublime ideas and the lowest sensuality 
should at the same time be united.’’ — fBisc&uTSi it.) And 
he also remarks, “ Some excellences bear to be united, and 
are improved by union ; others are of a discordant nature, 
and the attempt to join them only produces a harsh jarring 
of incongmoES principles. The attempt to unite contrary 
excellences (of form for instance) in a single figure, can 
never escape degenerating into the monstrous, but by sink- 
ing into the insipid ; by taking away its marked character, 
and weakening its expression.” — {Disc, v.) Such was the 
attempt to produce a D&rk ormmeM (a contradiction in 
terms) ; and the result, the rectangular fret, may well be 
considered (with all its varieties) the most monotonous and 
insipid thing ever used a$ an armmmi by the ancients. 

If we extend the term “ornament” to the glorious sculp- 
tures that formed a necessary part of the Doric order, that 
filled its cell-frieze (in low relief,} its metopes, (in higher,) 
and its pediments, (in detached statuary,) then we may well 
consider it by far the m€^t ornate (or rather richest) order 
or style ever executed. The invention of a fit substitute for 
these, L one that shal produce the same arM^mmi 

fey mmmi lalwr- for tb«a t&e ^tter wil a,|>p«ur tlw&wia away. IR* Feiic 

ccDt»3Bi ttscBg'hit, hmt imi lewsg”!! to ii 'wcrtit earwing. pertiaps feardly 

wwtfc ©awful fialBtlag. Bat Uie Tfiaic m&amm usS eatsfebtETe sjoutsla foeii ma- 
erpfcrrt wclames of tfesmgfet, is3ater!»i ®r la t©*& ia® fer tfetia. 

existed, in pwfffeyxy, && l*8*3-'WiaFic ▼ould ofttaiiiBe tifa# laaS- 

wsik. 

it » fcr iMt tli« 1© iaadeq'sat^j ifeat tfce worlcMaa- 

.Ai» fe® a®t wortby rf i-, ia feMage mf* irea, fer iattasec',) tis»B 

• ^±. a# iiga M rf »® la, &«k. 
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eject, and liarmonize with the rest of the composition, is the 
main proMem to be solved in the adaptation of this grand 
stvle to those few modem purposes in which it may and 
ooght to be eniplojed.'®' 

The Cormthian order, with all its elegance, indicates the 
approach, if not the commencement, of decline in (Grecian 
art : if not in architectnre, at least in sculpture, of which 
this order did not absolutely require any. Car ring had 
ttsiirped its |ikee, donbtlessly because the scniplors were no 
longer espable of executing those ■wonders, liy the side of 
which all kter sculpture would have seemed barbarous. 

In the decline of taste, in all countries and in all arts 
alike, every thing is ornament, if not fritter, and no beauty 
is seen in the I'.iire noble breadth and simplicity of the earlier 
productions. The Parthenon itself could not s],uni from its 
eternal surfaces the brush that found them a convenient field 
for the display of its ephemeral fancies. Pirst, the few 
mouldings were covered with forms imitative of the ent 
mouldings of the delicate orders ; from narrower surfaces, 

* Cdafi»e»i tlat a?ekltecture (being' foaadei on nature an4 tratb) ca* 

iniaenee, never cea» to be (be it ever so uicelfsK. ) nrr emsie t® 
ht pTmUse4 (fee it ever so impracticable,) we must find it a maCs r of some fm- 
f©rta«ie k&tE It siall be wbetber astd or abnsc'^, aj | lle»l or miappied. 

A few ir©ri> ©a the more obvioias and gross lailiires ©f oar In Jtat jon. nay not be 
regarfinf tlie sabetitnte nfwpsary fir tbe fork me- 
topei and pedlmtat-fcalptare. In intjeriors and on Bortfeem froEts, I can me n© 
objectioEi t© raintiag or inlaying, in tbe style crif tbe aneieat vabOft, tbe figures 
i%feteT tbaa the srrouBd, and varied fey line# or drapery -loMs, feiit ai tL no atteiapl 
at (fiwptive la &OBts reeesvm^ tfee bub, bowf'ver. tfefsi wii! sot an- 

swer ; great rell«! and rmgh^^mn there reqakite t® fereak ap tfee otfeer'wlse 
•■taifit ffeadaw ef tfee eonslee Wfeere tfee figures are B'lt ffeone+ic fejjt mere 
pmtimwi. it wil he Sir senreritj of expresston tfeat they fee of tfee Feci T'd 

i. t , eliMy cs«|»«d cf stmigfet Hoe*, feat dixgoial o»r s (in tlie inetoi om, 
to avo d & iSmim rAih the sarwandi'E® Imes, and in tfee fiedimeEt, to avcirt a 
p^ver *ty2e of firm tfean tfe«l fee member itselC) Irim gratiBpi. of lit e 3 d *1 
»lai|rfc, feat ^r^fjily studied and ■earted pattmis, mlglit te pfecwl Itfam » dart 
tTsjaocm and {fee ktt«r mack more rewswed sEefentiy, m eTtry 

fMhhl fe . to mit tkl» ; a®i to pwenre tfcos-e ir.a«.»f «*f Ifght la 

fcr fee ise eieet at a iistonee. itar-Kk# 

of ihmt prating'* |o»i fc cmi* aei ilrte ©r iw m the i-edla'enC 

lalffet I# CEfil ap, sot wltfe a iat amr&ee. feat with mrmmi planw fifrmlng a pym 
or fS3;-Ikt vsrltty of saifece, feasiaew aal pMj ef Igfet *ad ifesds, 
wlttasr-it i^iasiaf iu/m wtfflwr firm 
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they advanced to broader, till even the abacas was made a 
pattern-block. When the noble Dorian works began to be 
thns desecrated is uncertain, but probably not til a late 
date, as no Greek or even Roman writer makes the slightest 
allusion to the practice. On the contrary, the constant use 
of the term white stme (or marble) in their descriptions of 
baddings shows that a value was placed on that whiteness, 
which alone could render (even nnder a Grecian sun) some 
of the delicate adjustments of light and shade visible. The 
low relief of the cell-frieze of the Parthenon, perhaps ren- 
dered a colored ground necessary, even to understand it, in 
its dark situation, just under the ceiling of the colonnade ; 
and probably the metopes and pediment sculptures, though 
not requiring such a contrivance for relief, had it at an early 
date *, mt ongtnaUy^ or the tympanum would have been 
built of a deep-colored stone (as that from Eleusis, used for 
relieving the metal sculpture of Ionic friezes,) for the taste 
of that day avoided paint wherever variety of color could be 
given by different materials. 

If there were any coloring on the Doric temples in timei 
of Doric taste, It must have been conined to a few members, 
and intended to enhance the general monotony, just as a few 
cases of curvature and variety in form enhanced the general 
rectangalarltj. That monotony of color is e^ntia! to the 
grand style, we may learn from afl the works of nature in 
this style ; — grand animals ; grand vegetable ; rocks ; but 
es|:^kllj mountains ; for in th^, if covert with vegeta- 
tion, there Is a sort of utiltaiian nec^sitj for variety of 
color ; and yet as rnmn as we retire to the iktaace requisite 
to ^ the whole, or a portion large enough to be ^nd, the 
atmosphere iateipi^'s its blue veS, and r«iaees the whole to 
amea-essw What, can more distinctly show that Xature wM 
mt suffer polychrosiy in her Doric works 

• Wtax tb.® air Ufw Mme effeem to®* fe •w&rM of la * pmt 

ajaeseat tiaiMliig wfaf'-s© ptljiferouBse ratfeat Imw 1 >»b sfs^ivi towm 
©f tM hmMj vmjmty .is acgalr^ fitwa Ml 

mA from pofytiursHs:/ ifas^C Mrt »aly ti» Bi®b^ 
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It is possible that some of these temples, when composed 
of a coarse material, might hare had the whole surfaces 
finished with some kind of stucco, paint, or varnish ; and if 
the profiles were so adjusted as to give forcible shadows, and 
no nicety requiring whiteness for its exMbition, a deep, 
intense, and uncommon color (red, for instance,) might per- 
haps harmonize with the severity of form better than white- 
ness. 

As for the painted ormmtnts on the Parthenon, if thej 
had been contemplated in the design, they would certainly 
have been carved, or (if flatness were wanted) inlaid, and 
not executed in so mean a manner, by those who rejected 
marble and chose ivory, for the statue within, because though 
las hamiifui and. durabk, it was more cosily. 

It should be remarked, that the unparalleled excellence of 
the smi]^ures of this building has led to the habit of consider- 
ing it the perfection of Doric arckiiedure also, which is by 
no means so certain. Being built after the introduction of 
the Ionic, and nearly contemporary with its neighlior the 
Ereehtheum, the richest example of that order, it certainly 
displays many approaches to lonicism. The older examples 
have, besides their simplicity, decidedly more grace, particu- 
larij in the capital ; nor can any com{«te in this respect 
with that mcBt archaic form, of unknown antiquiij, which 
crowns the rock of Corinth, with its coIuibus of a single 
stone, only four 'diameters high, and yet (what w’0!idroiis 
art !) not oily not clumsy, bat singularly graceful. The 
loss of their eittfelature is one of the greatest losses arclii- 
tetare has to moura. 

As the Homeric poems have triumphantly refuted the at- 
tempts to regaM them as compilations, so is there in the 
Dorie oMer, and especially in its oldest examples, that per- 

hvt M are appatreaUj anemiwea Uj tie iE/j'!;; tffwt tlia.t 

wikes tlsaia it ». dwynari a:, ’ 7 ■iii.tttj sttrlfrat« 

ffcrt «f tfcf ralbliEitj ©f ths Sstwic-r f-f ’ :• % t* ai Veaice ; 
tLe fermw, rmr» 'fe* ofetaiat-d i:*' ; i ’r'* overkmiM 

ig^ m rfsa ^ 
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feet consisteBcv and unity of idea that proclaims it to be, in 
aM essential points, the production of one mind. Like otter 
orders and styles, It must doubtless have received improve- 
ments from many hands ; but unlike them, or rather in a far 
greater degree than any of them, does it exhibit the marked 
predomiiiance of one genius ; and on this point we are con- 
strained to receive the tradition of Titruvius, that whatever 
number may have aided in its progress, it had cue mteniar, 
the greatest mind that has ever been directed to architecture. 


CHAPTER TL 

Appikatim of the same Principles to Cempressile Building, by the 
, MedicEval Architects. 

The Greek architecture, having in itself few elements of 
change or eorroptfon, survived in tolerable purity for a longer 
period than any other known system, and even in its latest 
works (few of which, however, were durable enough to remain 
to us) it escaped one fault, that seems to have had a great 
share In breaking up all other styles, (the Egyptian, Roman, 
Hindoo, Arabian, and Gothic, for instance,) viz., the use, as 
ornaments, of miniature models of the principal features ; — 
the puerility that led, in Egypt, to making a capital like a 
little house or temple ; at Rome and Baalbec, to enclosing 
a niche with small eolumns and a pediment ; in Gothic 
England, to r-pplying buitressds and pimmdds without mnn- 
ber ; in India, to a similar crowd of m'Odeled colonnades, 
verandahs, and domes ; and in Moslem lands, to shelves and 
cupboards like clolstere, and to that multiplication of little 
sham vaultings that has obtained the name of the st&Mdite 
^mg ; — the object- al bdi^ to get false magnitude by 
dlmMsMiig the scale ; an artih<» that never succeeds except 
m oa whkli these tMn^ ©Hen look vast and suMliiie, 
hat never in reality. The Greek system esmped all tils ; hut 
one change, the iiitr«iactloii of oblique p«ffiiire, d^tro jed it 

18 
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He Roiiians fas the reader should be aware_i succeeded 
in imitating no order but the Cormthlaii, and this only when 
they adhered strictly (at least externally) to Greek miistruc- 
imi as w’eli as decoration, as in the Pantheon portico, the 
temples of Nismes and Baalbec. The columns and entabla- 
tures stuck on the face of an arcade, as in the Colosseuiii, 
are a coiistruetiYe lie, but not, as some suppose, a huge orna- 
mest. The lie consists in their appearing a mere oniament, 
while they are really indispensable to stability : for these 
colamns are really the hutiresms or props of the internal 
Taalted ceiling, and they would have to stand out obliquely 
and form apparent props, were it not for their entablature, 
which ( often itself a piece of disguised arch construction, in 
order to throw all its weight on the columns,) serves the 
purpose of the Gothic pinnacle, to steady the column belowq 
against the side-thrust ; by combining its vertical pressure 
with the oblique thrust, to produce a resultant more nearly 
vertical, and capable of being confined within the foot of a 
vertically placed column.* But the column is false, because 
it appears made to sustain the vertical pressure alone. 
Being a prop, It should have appeared one ; but this was 
never attempted till the thirteenth century. Till then, 
propping, though a sound principle in building, was con- 
sidereil an Improf^r one to appear in architecture ; and this 
me dkgnm kept the art' for ifleen centuries In a continually 
ieef^aiiig degmi!atloH.f The arck was introduced by the 
Etruscans or Romans ; but Its necessary attendant, the pnp, 
was strugged against for fifteen centuries before architects 
would admit II without a mask. 

Buriiig this long period false art, mxed amsirmdmm was 

• Ilaa*. tii»e s»la®ais amA €elaWa.tax®a P&gla exfmsmn a pri* 

eipfe &f «.l trae mi iirf imorm§^ mmMrm-' 

wgmAM it a» » j priEiei|te. wiaieli is » mistate ; ft Is net 

a. la gMi ttaas la ffxA fcTrfatwsfrore.. wu!, 

« aS list wmrkB rfa stjte tragrf&ftr,) Ems attend to la tlit 
Stem® tl»» la aay ©ti** itjle, brttoe ■&« lataro^wrttat of fAstm. teiSilag. 

*1 WfciA, «a te* fti pEW«ai. uditti oS mtMimtmm i» 4iiga», 
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uniYer.-fllly umplojed (as at present); tne three principle? of 
the beaiii, aix-h^ and truss, being indfscriniinatelj used, — the 
first, iii 1 otli stone and wood coverings of small span, — the 
second, ill the generality of stone coverings, — and the last in 
those of ijiiber, of which only the roofs or ceilings were 
least afti'F the last great Koman works, in the reigns of Con- 
staiitlne and Diocletian) entirely composed. One conse- 
quence this was, that the long dark age of architecture 
prodnrc-l no dnrable works ; so that we hardly have any 
exaii!ih:-> I i'.r not enough to show us the general manner) of 
more tliaii its ^rst two or three, and hsi two or three cen- 
turies. The style of the former is called Roman ; of the 
latter, Bcmanesquej or (in England) Saxon and Norman, 
and by various local names in other countries. The dura- 
bility of the Roman works arose from the national energy of 
character, and from Greek principles of construction being 
retained in porticoes, &c. The durability of the Romanesque 
arose from a general return to more substantial construction 
after the year 1000, which was expected to terminate the 
world ; and also from the desire (caused by the frequent 
destruction of the open-roofed churches by fire) to render 
the whole, or as much as possible, of the fabric fire-proof, by 
vaulted ceilings below the timber roofing. At fiKt they 
only covered the narrower parts and aisles* in this manner, 
but gradually extended it to the main avenue or nave. This 
was first done in Gamianj, and in the early examples we also 
find the first change from the round to the pmmied arch, — 
generally, bat Inaccumtelj, comdered the grand distinction 
between the Romanesque and the €kdMc styles. The chai^ 
doabtles arose from ignorance and timidity of coastraction: 
but it had a most important artistic elect, by introdadi^ 
an angle into the arch, and thereby bringli]^ It l»ck almost 
into a graver class of fom thMi the tMrd, and renieriiig it 
more fit for main stmctufal Ilie pciiBte,d-fircli 


• Am amMgaitj mm&’&mm mxh>m fmm amwrtwn mmMmg of tbls wmr& eMa, 
eitfeer froaa sBe or we slael vm It obIj m tie former seasft, m 

te tbe Mwi a&js ofa 
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littlMifigs, tlioagli not attaining (for no arched building ej&t 
can attain) the grandenr of the rectangular archless styles, 
yet hare a higher degree of gravity and severity than the 
light sweep of the Italian round-arching can ever attain. 
Compare the interiors of the Lady-chapel at Southwark and 
the vestibule of Somerset House, and remember that the 
latter is by far the more massive.* 

It is common to date the great transition, from the first 
appearance of a pointed arch, to the complete disappearance 
of the last round one. But in truth it extends from the 
revival of vaulting, (disused since the Koman times) to the 
universal use of that covering, L e., to the disappearance of 
the last lintel, or the last unvaulted space. All Bomanesque 
buildings with vaulting are an approach towards Gothicity ; 
and the building that contains a lintel, however, short, is not 
completely Gothic. Even at Salisbury there are a few lin- 
tels across the narrow galleries and passages. In this con- 
tinued progress, the change from round to pointed is only 
one step, and a far less important, and less exactly definable 
step than another we could name, which is the unmasking of 
ike imtirms. It is this that makes the grand restoration 
from falsehood to truth. It is this that distinguishes the 
feeautifiil church of Marburg in He^, and the more glorious 
one of SallsbaiT, (begun a few years earlier, in 1219,) from 
all previous bulldijags, and stamps them as the first complete 
devdopaieEts of the new system. The buttresses that prop 
their vaulting apfwar without disguise. 

Tailtiag, then, being the all-pervading motive — the final 
CAUSE of Gothic architecture, f that to which all its mem- 
bers siii>s€rve, for which everything el^ is contrived, aid 

• Tint it & mmm Misire cOTstroctloii. ia censMeriBff moiens 

arcbitMtcKiI wc-rto^ it laast Berer le fiwgottpa tMt tliej aiifr frem atl 
la tills aTcMtwtmre (aM Ikgfisn befere tfee fcl «f Gotlii- 

dtj', Bat arciutecriBW siace ibat period «»»• 

gist* la til# ©f smS. its works loaBi pike thentriiaJ 

»s#r5,i hi mt as wMt they feat aa wisst tfeej 
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without wmch the whole apparatus would be aimless and ua- 
meaning — it will be necessary here, first to take a rapid glance 
at that art, then at the modifications it intrcniueed in the gen- 
eral design, and lastly in the subservient parts of the building. 

I. Of arch or mult work as ih& furdamtidal prindpis of 
th Gotkk system. 

Whether any people before the Romans were in the habit 
of building arches and vaults, is a question having no bearing 
on our present subject ; but we must observe that the dome 
is a simpler principle of construction than the arch — is found 
in the works of animals (which the arch is not), and has 
been employed by many nations who could not (or did not) 
build arches, as the ancient Mexicans and the present Esqui- 
maux, The ancient Romans, however, (who constructed 
with brick the largest domes even now in existence), not 
only used this kind of covering, which rests on ail sM^es of the 
space to be covered, but also the simple or wagon-head vault,, 
which rests on only two sides of the covered rectangle, leaving 
the other two free from ail pressure. But further than th% 
they were the inventoi^ of that highly ingenious contrivance, 
the cross-rmii^ which exerts its whole pressure solely on the 
angles of the apartment, leaving all the sides free. Its origin 
may be thus explained : suppose a simply vaulted passage 
had to be continued aoross another exactly similar |»ssa^, 
lying at right angles to its course, and it was requirai to 
leave both eomdors perfectly free. First, suppo^ them to 
kterpeiietrate each other, without any |^rt d 

either ; the square of Intersection wSi then be completely 
enclosed liy four walls, and covered by a double eeiling, for 
€«li vault by itself covers tMs spw^e : eveiy fwiiit, there- 
in, ia this square is doubly covers!, except the 
sitimte along the two diagonals of the plan, for ¥ert.M»lIy 
over these two lines do the two vaults InterpeBetrate each 
fither. If we eoafine ms atteiitioii to the lower of the two 
ceilings thus form^ wt shall find It to bo a ^mre dome. 
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for s dome maj be erected on a sqnare or anj otter form of 
batsCj and its property is always to rest equally on the whole 
enclosure : now the four ridges, or (to borrow an eipressioa 
from carpentry ) the of this square dome, are the com- 
mon iiiteri-ection-llDes of the two Yaults, and are evidently 
simple elliptic curves in vertical planes : consequently these 
two senii-eliipses have the property of and can sup- 

port not only themselves, but Sqimi-ecrc>sa-TaiUi, resting ana 
tl»e wkole of ilie upoer ceiling. 


removed, as well as the four 
walls on wMch it rests, leaving J 
both passages open, and the*^^ 
croi»-waj completely covered 
by a ceiling that rests solely on 
the four angles : it is even inde- 
pendent of the vaults over the 
four arms of tie crc^, which 


The beauty and advantages of this kind of vaulting led 
the Roamas to me It, not only over a cross-way, where It 
was necessary, but ato over sdl corridors and long apart- 
»eafe, by il'viiing ft® Into a of a|uares, each covered 
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toe Temple of Peace, now in ruins, liad its bstc eoTered bj 
cross-Tanlts 83 feet wide, so that tbe groins on wMcli the 
whole rested had a span of 83X^2 = 117 feet ; and an aparir 
meet in the baths of Diocletian, still in nse as a chureli, has 
a similar ceiling of about 86 feet in diagonal span still 
remaining, althoagh it is formed on an niisonnd principle. 
The compartments are not square, but rather wider in one 
direction than the other. IS’ow in this case, either om or hrdh 
of the crossing vaults ought to have been so that 

both, notwithstanding their unequal sf»ans, ' have their 
springinp at the same level, and their crowns also at the 
same level. The groins would then have been conhned to 
vertical planes over the two diagonals of the compartment. 
But, 10 fact, both vaults are made semi-cireular, and their 
crowns being at the same level, their springings are not at 
the same level The conseqnence is, that the intersection 
lines or groins are lines of double curvature, and not being 
In vertical planes, are not therefore true arches, and would 
not be able to support themselves, were it not for the immense 
and wasteful thickness of the vaulting, containing several 
times more material than is necessary. Moreover, curves of 
doable curratare are Invariably displeasing in architecture, 
for the eye cannot readily understand them. 

With the decline of Koman power, this art of vaulting 
was lost, and for eentmies the basilicas of Italy and the 
churches of all Eoman Christendom remain^ed with nothing 
hut timber roofs. The Greeks, however, retained (or el» 
re-invented) another mode of vanltiiig possessing many of 
the advantages of grolmiig, but not all of them. This 
system depended on two simple geometrical principles ; 1st, 
that every ^tioa of a ^ere by a plane is circular ; and 
Mlj, that every interwctlon of two spheres is m plane cmrve, 
and therefore clmilar. The Greek vaslting, then, emmM 
wholy of ^hericml surfaces, as the Eoman consisted whofly 
rf mm. A hemi^heri^ dome may be sap^^^ 

wlic« Imb the any afArtanoit ot «wi- 
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P'artment, square, rectaDgular, triangular, or polygonal. 'Row 
imagine the sides of this plan continued upwards, as Yerticrf 

- - - - - rjt^. 

Ene must in eYerj case be a ^mi~circle, and may therefore be 
made an open arcb ; and the portions of the dome thus cut 
off from e¥€ry side of ite ba^ may be omitted altogether, 
proTlded their office as bnttr^es to the remaining portion 
aboTe be replaced by the pres^snre of some other Tsnlt, which 
may be of any Mnd, if it be applied against the semi-circular 
areh. Thus no wals ^e required on the sides of the sup- 
posed compartr ^ 

meat, all the 







OF AKCHITECTUBE. 


21S 


cro^vault. The latter is, as we have seen, mdependear of 
the foET adjoining vaults, over the arms of the cross. Bni 
the pendentive dome cannot subsist withont them • for though 
Its dcwnward pressure is confined to the angles of the plan, 
its outward push is exerted against the sides, — ^though it rest 
uym four points only, it rests against innumerable points, 
viz , against the whole semi<*ircle of each of the main arches. 
But the cross-vault has its whole pressure, — not only its 
weight, but its push, — collected into four definite resultants 
applied to the angles only, so that it might be entirely sup- 
ported by four flying buttresses, no matter how slender, 
provided they were placed in the right directions to transmit 
these four simple resultant pressures, and strong enough not 
to be crushed by them. 

At the first dawn of Gothic science, when the numerous 
and disastrous fires among sacred edifice led to the attempt 
(first perhaps in the Rhine valley) to vault them with stone, 
a mixture of the Roman and Eastern methods seems first to 
to have been tried, and some curious combinations of this 
kind are still to be seen in the old churches of Cologne and 
its neighborhood. The superiority of the Roman system, 
however, soon led to its exclusive adoption, and it is to be 
seen In the crypts and aMes of many building of our own 
country, as in thc^ of the naves at Durham and Ely and the 
tran^pts at Ely and Winchester ; but in extending this Mud 
of ceiling to the central avenue, many dlfficulti® arose, not 
perhaps so mneh from the increased spa and height a!x>ve 
the gromii, as from the oblong form of the coiii|»rtineats, 
(tlioge of the aisles having been square ;) for the bnfliera 
of this ftfe vei^ prof^rlj rejwted the douMj-carv ed groisB 
of Diodetfan’s Imths, whicl! indewi would have been quite 
Mr practicable over a plan Offering coimdemMy tom a «|iia®e. 
Various expedients were resorted to, and the only buc^^iI 
one fw vaulting the efei«torj with arches alone, was 
by maMEg its roia|»iinents Kinare, and letting each conw^ 
poi^ to coiii|*rtiimnts of IheaieaMe. Hb Is the mod® 
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adopted at tbe ttiree great Eomanesqae cathedrals of Worms, 
Mentz. and Speyer (in the last of which, the diagonal or 
groin span is more than 60 feet), and in the two great abbeys 
fonnded by William I. and his Queen, at Caen ; and it seems 
to have been intended, but never executed, in the nave at 
Durham. We have no example however, in England, of a 
nave with round^arched vaulting, if we except the small 
massive chapel In the White Tower, London, which is a 
Bimple vault without groins, and is not a dear story, but en- 
closed between upf^r aisles, so that there is no difficulty as 
regards its abutments. But the various attempts to over- 
come these difficulties would hardly fail to lead, first to the 
mixture of pointed vaults with round ones, as in the Rhenish 
cdmrehes, and then to the exclusive use of the pointed form. 
Without detailing the various modes in which this might 
happen, and did happen, as appears from the various interest- 
ing expedients seen in those buildings,* we may observe that, 
as the chief practical difficulties attached themselves to the 
upper and horizontal portions of the round vanlts, nothing 
could be more natural (in an age unfettered by pedantic 
admiration of eli^acal precedents) than to get rid of these 
difficult and hazardous imrts of the work, by begiiming each 
foot the arch ts if it were meant for an arch of wider 
so that the two curr^ might meet, before attaining the 
horizontalitj which was dreaded in the crown of the round 
vaulting. 

The RoHmi® had ^strengthened their vaults with simi- 
circiilarly-«reli«l ribs, i e., portions thicker than the re-st of 
the vault, and appearing invardlj ,as fiat bands projecting 
sightly the inner surface, and harmosking well with 
the gimikr forms of pilasters In the walls ; but they did not 
place these rit» where they were most needed^ viz., along the 
eliptic groias, which bear all the rest of the ceiling. The 
mrlj PreemaEims took <»re to strengtheB these important 
ii«, and (on the same principle that nioileni Joists are 

' "1 — — 
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made deep and narrow j tliej gradually coiiTerted tlie broad, 
shallow Roman band into a deep narrow rib, by first simply 
diminisliing its width and inereasing its projection or depth, 
rhen chamfering ‘the edges till its section tecame a semi- 
octagon, (as may be seen in the mwtr Romanesque portions 
of Winchester transept, but not in the older portions, which 
are examples of the Roman manner, unaltered. ) They also 
Imdid the two edges of the rib, and then enlarged these 
beads till the whole became a dmhk nM with a mere fillet 


l^tween them, whence the transition is easy to the deeper 
and more variously moulded vault-ribs of the Early and 
Complete Gothic. 

But, meanwhMe, Important improvements were made in the 
general forms of the vaulting, tiE a new principle, very differ- 
ent from that of the Romans, established. We should 
observe that the interpenetration of two pointed vaults (as 
well as of two round ones) could only produce elliptical 
lines, or else lines of double curvature, (for two cylindrical 
surfaces can intersect in no plane curve except an ellipse,) 
yet the early Gothic architects rarely made their groin-ribs 
elliptical, and never deviating from a vertical plane. The* 
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made fhek .Ymlt'surf aces geometrically regular, and left the 
groins to take their chance ; while the early Freemasons 
made their groms (i e., ribs) geometrically regular, and let 
the intermediate snrfam take their chance. This was a vast 
improvement both in construction and in art ; constructively, 
because the groins are really the supporters of the whole 
work ; and artistically, because the eye takes cognizance 
of lines ^ not surfaces ; and while it is offended by the double 
curvature of the groins in Diocletian’s baths, it scarcely 
detects the winding and irregular forms of the Gothic vault- 
surfaces. 

We need hardly observe that these winding surfaces were 
not formed of cut stone but of stucco, the shell itself being 
merely a rubble-work of the lightest minerals to be had, or, 
in this country, chalk.* The Byzantines, long before, had 
diminished the thrust of their domes by building them of 
pumice-stone, hollow bricks, or pots (a practice revived by 
that excellent master of construction, Sir J. Soane) ; and a 
similar motive led to the adoption of the material called by 
monkish writers to^kusj volcanic. 

" The English masons, who, during the Romanesque period, 
had been but timid followers of the continental ones, be- 

* This economical mode of vaulting has no-w fallen into disuse ; but it vras ap- 
plied with perfect success, in 1819, in constructing a pointed vault of the simplest 
kind, over the Eomanesque nave of Christchurch, Hants, the diagonal span being 
about 31 feet. The Gothic masons, however, at least in this country, seem to have 
feared ita application to works with a wider groin- span than 40 feet ; for in this 
manner are constructed the ceilings of all the English cathedrals, with two ex- 
ceptions, York and Winchester, which have somewhat wider diagonal spans than 
the rest. The nave vaults of Winchester are entirely of cut stone, like those of 
the fe-mous chapels at Ely and Cambridge, and (without the frittered panelling of 
the latter) a^-e not inferior in beauty and extent to any work of the kind ; but the 
choir of the same cathedral, and the whole of York, have sham vaults of wood 
and plaster, — ^the only instances, perhaps, of Gothic deception. At present, such 
deceptions are the only vaultings made. Their uselessness is shown by the two 
disastrous fires at York Minster, now said to be ‘ restored,’ that is, prepared for a 
third conflagration. Many other cathedral roofs have caught fire, hut sustained 
hardly any damage, all supply of air from below being cut off by the fire-propjf 
c^ng. The duomo at Milan, the abbey of Batalha, and Eedcliffe church, Bristol, 
have fire-proof roojk as well as ceilings ; so that the two former are permanent, 
undecaying structures, and the latter would he so, but for the .badness of iti 
stone. 
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came, during tlie Gothic period, their masters', and construc- 
ted many vaultings which 'for beauty and geometric perfec- 
tion have no parallel abroad. Indeed, the defect of the 
winding surfaces, though carried to a great extent in the 
boldest foreign vaultings, seems to have been hardly tolera- 
ted in England, — ^l)eing here confined to tlie earliest works, 
as Salisbury cathedral. In the next step, the groin-ribs 
were elliptical, a,s in the choir of the Temple church ; and 
hence, when, in approaching the complete Gothic, intermedi- 
ate ribs were inserted between these and the original arches 
over the sides, of tlie plan (as in the south and west sides of 
Westminster abliey cloisters,) these ribs also had elliptical 
curvatures different from those of the groins, in order that 
the vault of cut stone built upon them miglit have a regular 
cylindrical surface. * 

It was well observed, however, by Ware, that 'Hhe Eo- 
rnans, tlie Byzantine Greeks, the Ereemasons, and the mod 
ern hridge-huilders, successively tried the ellipse in arehitec- 


* In theso cases, as each pair of ribs that 
meet at a point not over the centre of the 
plan, form a arehi tandinj? to fall in- 

wards th( 3 i centre, this tendency has to he re- 
sisted by a rMffs-rib extending from the cen- 
tre to the junction of the last pair next the 
side of th(‘ idsii ; but there is no reason for 
its extending quite to the side arch, though it 
usually does so in England. In the annexed 
figure, the ridge-ribs are shown, as in foreign 
e ;amples, oonllniied no farther than is neces- 
sary. In l^nglaiul, intermediate ribs and 
ridge-ribs Appeared in the later Early English 
(as at Westminster,) and became quite gene- 
ral in the Mid-(5oihic (as at Exeter, Lincoln, 
and t.itch field;) hut abroad, these features are 
confined to tlie deditdnji; Gothic,— not ap- 
pearing till at least a century later than with 
m. 



C<nn]>artmeni nf vtnilting,witli ribs 
of wfen dilTerent (Mirvalures ; yh., 
Oroin ribs, two kinds oI'mVM ribs, of 
one rib or 

Wmwvmen lb(‘ wi<le. viuilk and two 
on the mvrrow vault. Whiehevor of 
tlieso six be made e,in;uliir, the re- 
maining five muHt be elliptical, if the 
surfaces are cylindrical. 


Litchllcld Cathedral 
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ture, and rejected it.” The trial which the Gothic masons 
gave it was exceedingly short, and has accordingly escaped 
the notice of many inquirers ; but however few the 
examples of Early English elliptic groining may be, we must 
not pass over so important a link in the history of the style. 

The elliptic groin-rib seems to have been first tried a short 
time previous to the invention of the intermediate or ilerccron 
ribs,=*' and to have been abandoned very soon after that in- 
vention ; and I think the examples containing elliptic curves 
will be found to present generally another peculiarity, viz., 
that the courses of the masonry all run horizontally ; while 
in both the preceding and succeeding examples, they take, 
between each pair of ribs, a position equally inclined to the 
two ribs ; so that, meeting the ridge-piece obliquely, they 
are received by a number of saw-like teeth cut in its sides. 

Thus the abandonment of simple circidar ribs for elliptic 
ones was an improvement, and the rejection of elliptic for 
false elliptic, or compound circular ones, was a further improve- 
ment, as was indeed every change in the general form of 
vaults, down to the very latest examples, but it was other- 
wise with their decoration. This, like the decoration of all 
the other features, attained its artistic culminating point 
during the fourteenth century, and during the prevalence of 
this pseudo-elliptic method of rib-drawing. 

In the formation of the compound circular ribs, three con- 
ditions had to be observed, — 1st, that the change from one 
radius to another should be effected without an angle, i. e., 


♦ The French have preserved some of the old names of the chief vaulting fea- 
tures. among which tiereeron, applied to an intermediate rib between groin 
and the side of the compartment, and formeret to the rihH forminff or enclosing 
each nuiin compartment, seem useful. In England, the ridge-rib prcceiled the tier- 
ceron. for we find it in Sali-bury chapter-house and the chancel and transepc of 
Westminster; while the tierceron appears only in the nave of that building In 
both she.e examples, a refined taste led to making the ridge feature quite different 
from the rib.s, because, being not a support but a pendent load, it required delicac}i 
in.^tead of strength, and therefore consists not of mouldings, but (at Salisbury 
wholly, and at Westminster partly,) of nnderent foliage. The later practice of ma- 
king it represent a rib is a falsehood, when there are no tiercerons or leaning 
archos to be distended by it Without them It is a mere ornament 
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tliat tlie two a, res sliould have a coiuinon tangent at the 
point where tins eliangc occurs ; — 2ruily, that the feet of all 
the ribs should have the same radius, and, in fact, be exactly 
similar up to the level at which they completely separate 
from each ether ; for otherwise tliis separation would occur 
at diflhrent heiglits between difierent ribs, whieli has a very 
bad eflect — 3rdly, that from this point upwards their cur- 
vatures should be so adjusted as to make tliem all meet tlieir 
fellows at the same horizontal plane, so that all the ridges 
of the vaidt may be on one level.f 

The |)scud0-ellii)tic vaultings are more pleasing tlian the 
truly elliptic ones, on account of tlie greater variety arising 
from the plain portions not forming parts of one continued 
surface ; so tliat uo rib can strictly be m\hd a swfem-rih, 
though that name ivS commonly given to all (except the groins, 
ridge-ril)s, and wall-ribs or formorets next tlu^ wall. 

But the geometrical nicety, not to say dilTitmll-y, of such 

"VtIuh precaution waH tMiually lumoHrtiiry in tlio cu.He ol' tlie eUiiiUo ribH, and is 
obherved moHt accurately in the vaultiug of the Ucan’B Yard paHsai^e above men- 
tioned, which, thouKh Himple, is a moat Hploinlld piece of arcihltectural ((eowetry. 
In the clumsy contrivances preceding this, the ribs sprung froin the capital, not 
only witli dillVrmji curvatures, but with dilTorent inclinations, the ct'ntres of some 
or all being lower than the springing. Afterwards this was not allowed. A condi- 
tion was Imposed tirst, that tliey should all spring andllien, all wWi 
equal radU. The itroblems thus arising, rendered a single rib ii, work of more 
thought, than a whole building, to many modem architects. 

f When they are not at the same level, 
either the ridges must have a domical rise 
(as in most foreign examples,) which gives 
them a push against th© enclosing arches, as 
at St. Sophia, and is therefor© objectionable; 
ov else the lower vault, If it have a level 
ridge, will at Us inierseeUon with the side 
of the higgler, form a leaning arch (called a 
IFeiL'iA arch,) whicdi is supported by the rib® 
above its voriex. This cnnsiruction was not 
common in the i)\iro (SotUic, though exam- 
ples occur in the boiuuifxil domed kitchen at 
Durham, and In Winehe.sl or cathedral nave ; 
in the latter uunec.e.sHnrlly, for the Bide 
arches rise as high as tlie main vault, but 
their ridges (imvend towards it,— a decide*! 
defect, as it eanses them to puah inwards Winchester vaulting (bird's eye viawf 
against its haunches or weakest parts. and plan of one compartment.) 
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works, led, in the fifteenth century, to a simplification of 
their general form, yet admitting of indefinite increase in the 
decoration. This was the beautiful invention of what is 
fan-tracery vaultings ("very improperly, for a fan-like 
arrangement of ribs may be, and often is, applied to the sur- 
face of any kind of vault.) 


This invention might prop- 
erly be termed yalm vaulting, 
or geometrically, the conoidal 
or concavo-convex vaulting. 
This regularity is shown in 
the engraving, where it will be 
observed that the portion of 
vault springing from each pil- 
lar has the form of an inverted 
concave-sided its hor- 

izontal section at every level 
being square or rectangular. 



Rectangular Vauliing-pyramid 


a a a groin* riba. 

6 & 6, formerets. 

<3 <J, tiercerons 


This improvement, not yet develop- 
ed fully, is shown in these engrav- 
ings, the first of. which is a view of 
the porch of St. Sepulchre New-at , 
gate, and the next of a porch at 
Guildhall, 

In the above example (St. Sep- 
ulchre) it will be observed that the 
ribs, rising all to an equal height, 
have a lozenge of flat ceiling in the 
centre of each compartment, and 



Hexagonal Vi nUing-pyramid, 
impertVct y developed. 

St. Sepulchre, Newgate 
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Yaulting-conoid, with a.U its I’ihs of 
equal ciirvaturo. 


this space would be larger in 
the more perfect development 
of this method. Hence on a 
large scale it is necessary that 
the space should be domed, 
and tliis is most consistently 
done by simply contiiuiing the 
ribs with unaltered curvature, 
till they meet and form two 
ridges, as in tlie early vault- 
ings, wit:h this dilference, that here, as the ribs have all the 
same radius and different lengths, they must all rise to dif- 
ferent lieights lielbre 
meeting, so that the ridg- 
es are not hrd^ as in the 
early vaulting, but grad- 
ually descend every way 
from the centre point, 
which is the Iiighest in 
the vault. Tliese arches, 
described from four cen- 
tres, soon found their way Conoldal-vaulttnK, Klng’H Cullogo chapel, Cam*. 

hridgo, (HkelotoA I'nxeH of tme compartment.) 

from the vaulting into all 

other parts of the building, and became a distinctive style 
called Tudor, 

The Tudor, or four centred arch, is not necessarily flat or 
depressed. Its chief advantages are, that it can be made 
of any proportion, high or low, and always with a decided 
angle at the vortex ; whereaa the common Gothic must ah 
ways be of a higher proportion than a semi-circle. 

From this style arose the* depressed Tudor, with the 
aspiring lines of the Gothic, and the peculiarities of the 
Tudor. 

The essential parts of one quarter of a compartment are 
shown towards the left hand of the accompanying figure. It 
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will be seen 
that the 
whole rests 
on the great 
arch a a, di- 
viding one 
compart- 

ment from another. This is of the two- 
centred form, but if the vaulted conoids 
had been made to follow its curvature, 
and spring with it from the same ori- 
gin, they would obviously so intersect as to leave for the 
clerestory window nothing but the small, inconvenient, lan- 
cet-formed space, shown by the dotted lines at h. To gain 
height and space, therefore, for these windows, the main co- 
noids are made to spring, not from the foot of the arch 
but from a point c, about half-way up its curve ; and the 
ribs diverging thence in every direction, form, of course, not 
merely half but entire, conoids and it is no small advantage 
that the lateral thrusts of all these ribs destroy each other : 
hut their downward pressure, embracing the collected weight 
of nearly the whole ceiling, concentrated on the two points 
c c of each arch, is a serious defect with the present form of 
arch, for it properly demands an arch with cusps at c c, as 
well as at the vortex ; and though the three-pointed arch thus 
formed might be unpleasing in ordinary situations, it would 
be beautiful here, because statically correct.* It might 
have been obtained without interfering with the general de- 
sign, either by bringing up a highly inclined rib from some 

* This proTaerty of arches (hy which each pressure concentrated on, a point calla 
for a cusp at that point, and each cusp calls for a concentration of pressure on it.) 
may he shown hy the catenary^ which becomes an inverted 
Gothic arch whenever a weight is suspended from one linh. 

Hooke's discovery, “ ut pendet continuum flexile, sic stabit 
oontiguum rigidum iuversum," is a motto never to he forgotten 
in Gothic building. A French street lamp, or a spider’s web, 
may thus teach the architect important lessons ; and perhaps 
the eq[uilibrium of some of the boldest vaultings was insured hy 
experiments on systems of chains representing the ribs inverted. 
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point below g, to give additional support to tlie point c, or 
else by throwing a Hat arch across from c to c, whoso lateral 
thrust, by eombiiiing with the downward pressure on these 
points, would turn the resultant more aside, into the body 
of tlu^ rib 

Th(5 variety of curvature in compound arches often gives 
them a mandiar grae(J ^ But the “ depressed ” Tudor arch 
is not a, adiuttct to conoidal vaulting, and the gor- 

geous eluipel of ilenry VII. presents us (if we can look 
through the disguise of mcretri(*,ious ornament) with a noble 
attempt to combine the advantages of this vaulting with the 
aspiring (iX[)ression and small lateral thrust of the high two- 
ceni.red arch.f The singularly complex vaulting over the 
clerestory of this ehaped, seldom rightly undersi-ood, becomes, 
when div(‘.sted of its inessential parts, (juite intelligible, if wo 
remember the architect's object, to c-ombine the most recent 
constructive science with the artistic expression of an earlier 
style, and this in the fa(5c of a great didiculty, arising from 
the unusually oldoug plan of the compartment ( nearly thrit‘.e 
as long as its breadth), which, if treated by the Cambridge 
method, wo\ild have required an exceedingly depressed arch, 
hardly pracdhuible, or at least, by its great lateral thrust, 
requiring most clumsy cxpcdienls on the outside for its 
abutments. 


* Tbo three lollovviiig points should bo attondod to in 
those arches ; 

1. Tlielr ctrect matniy depends on the angular extent 
of the low( 5 r curve, which, in good examples is not 
more than d5®, nor less than 46®. 

2. The radius of the upper curve varies from imiM 
to more than jito the radius of the lower ; hut 
generally speaking, the greater their disproportion, 
the more obvious, and therefore the less pleasing, is 
the sudden change c.f cn-rvattne 

•j, 4 'i y ‘X Mhm nn % yfcneral) rule to 
piaoe tne lower centres Terf*Allj >9*09r the upper and 
opposite ones thus : Eour-centred arch. 

f Since writing this, I have seen two other examples of this most refined vault- 
work, in the Cathedral and Divinity School at Oxford. They are all three nearly 
contemporary, so that the priority of the invention may be doubtful 
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But to return, the conoids springing from c c would suffice 
to cover the whole plan, hut the semi-arches formed between 
them' and the wall would have been far from pleasing, besides 
exerting a push against the top of the wall, where it could 
not be conveniently resisted (because not collected into a 
single resultant.^ The conoids are therefore opposed by 
corresponding half-conoids springing from between the 
window-heads at e, and to meet their outward thrust, an 
additional range of flying buttresses is provided, above the 
common or lower range, which take the thrust of the arches 
a. The two flying buttresses are distinct, though connected 
by a web of open tracery, which also fills the space a a. 

So far, if the constructive principles of this ceiling had 
been displayed, instead of disguised, it would (whether much 
or little ornamented) have been as much admired, and per- 
haps imitated, as it has actually been wondered at and con- 
demned. But the disguise may be thus accounted for : as 
the ribs of the conoids and half-conoids do not spring verti- 
cally from their origins at c and e, their intersection would 
form a segmental arch (with angles at its springing) ; but 
this not being a graceful form of window-head, its angles are 
rounded off, and to correspond with this and leave no portion 
of the wall unoccupied, the half-conoids are prolonged down- 
wards into the form shown in dots at e. But uniformity was 
carried too far in making the main conoids, c, assume the 
same form, for this gives them ( as shown at cj the air of 
huge pendents, for which, indeed, they are often mistaken.* 
It is needless to say that the only real pendents are those 
hanging from the centre of each compartment, as from 


* Another unfortunate disguise arises from the foliation applied to the rib a, 
which reduces that Important menaher to apparent insignificance. Where strength 
is required, it should not only exist, hut appear. Bold and simple mouldings 
should have sufficed for the decoration of thf* main stem, which so beautifully, 
Hke the leaf-stalk of the fan-palm, supports its spreading burden, from which the 
artist might also have learned the necessity of an angular bend at o. The ijUancy 
of the vegetable structiixe and the brittle rigidity of tlie stone do not, in this re- 
spect, lead to different constructive principles, since the tmid&my in the former 
and the aim in the latter, are alike — to avoid all hut comjtreamk forces. 
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and these, wliieli occur also in the same situation in the 
aisles of this building, at St. Oeorge^s chapel, Windsor, and 
in many foreign buildings of an earlier date, are not, as 
many sujipose, useless excrescences : they serve, like the 
ridge-ribs and bosses of a purer style, to supply that load on 
the vortex which the ecpiilibrium of the pointed arch not 
only admits, but rcupiires. The abuse of these members 
arose when they were formed into the semblance of ribbed 
and paneled conoids,— features of support, apparently 
pointing to faud therefore demandingj supports from below. 

11. On fJie. genend pkns, — Before proce(Hling to examine 
the other parts of the Gothic syshun, it is necessary to glance 
at the pecuruvrities of its buildings in gmieral plan and out- 
line. These, though all derived from the well-known basilica, 
will be found to pres(mt many dilferences rather depending 
on place than time. There have been plans peculiar to cer- 
tain countries and even provinces ; and theses peculiarities- 
seem to have maintaiiUHl their ground for centuries, unaf- 
fected by the changes in decora/tive style. Thus the churches- 
with two chancels, and those with a trans(‘.})t near each end, 
are peculiar to Germany ; those with two transepts near the 
centre, to England ; and douhhi or dipteral aisles are a 
southern feature hardly to be found north of Paris. So also 
the apse, (i.e., scmi-circular or semi-polygonal termination, J 
which was always universal, or very nearly so, on the Con- 
tinent, is ra,ther an exception than a rule in England ; while 
the ccntol tower or lantern, so generally and largely 
developed in Englaiui and Normandy, hardly occurs in the 
rest of Fra, nee. Towers detached from the ciiurch are 
almost conliued to Italy; and pairs of towers in the reutrant 
angles (a v(u*y beautiful feature common over eastern 
Europe) Imrdly advanced west of the llhino. 

Some Eastcum peculiarities of form, as the scpiare and 
short cross plans, were introduced by Greeks into tlm 
Adriatic side of Italy, but spread no further, beca,u8e the' 
Romish ritual involving processions required lengthy 
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churclies, avenueSj and aisles. No such reasons, however, 
can be given for the other local peculiarities of plan, which 
must he referred to the peculiar tastes of different nations. 

The inventive fancy of the Germans seems to have led 
them to try, during the Romanesque period, every possible 
combination of form consistent with great length and the 
cruciform plan ; or else the durability of their stone has 
preserved to us a greater number of these early experiments 
in Germany than elsewhere. Several of the oldest churches 
of Cologne, (St. Mary in the Capitol, St. Martin, and the 
Apostelnkirche, j as also St. Quirin, at Neuss, and the noble 
early pointed church at Marburg, present a plan which, 
though classed among Latin crosses, seems to form a link 
between them and the Greek. The latter term is applied to 
a cross with all its limbs nearly equal, and generally very 
short, while the form now spoken of has tlire& limbs equal 
and similar ; but the fourth, which forms the entrance, is 
considerably lengthened.* This form is exceedingly uncom- 
mon away from Cologne, though it is the plan of the two 
greatest cathedrals of Italy, ( that at Florence and the raod- 


♦ All lengthy crosses are called liatin. There are several varieties arising from 
the gradual lengthening of the eastern or chancel limb, -which, from being at Erst 
the shortest, became at length in some English examples the longest. We. 
may distinguish — 1st, The original Latin cross, resembling a crucifix, the limb of 
entrance being the longest, and that opposite the entrance the shortest. Tlie 
grandest example is the cathedral of Pisa, and this is also the form of the dlsrm- 
tory in the ancient basilicas ; but their numerous aisles fill out the nave to an 
equal breadth with the transept, thus obliterating all cruciform appearance in the 
ground plan. The second kind of Latin cross is that described above, formed by 
lenglheni g the chancel, and making both it and the northern and southern arms 
all similar. Mly, The beautiful symmetry of this plan was destroyed by still fur- 
ther lengthening the eastern limb, though still keeping it shorter than the nave. 
Examples are abundant in every country : the greatest are Milan and Rheims ; 
in England, Ely and Norwich. 4thly, The symmetry was restored by making 
the ©astern and western arms equal, as at Amiens and Salisbury, the spires 
of which are in the centres of their length as well as breadth. This is the 
commonest Gothic form, but its symmetry of plan does not appear in the side 
view, because of the low chapels forming the east end. The continuation of the 
clerestory to the extreme end seems peculiar to England, and is very rare in large 
Duildings : My, Lincoln, and York cathedrals are examples, but at the latter the 
eastern limb is rather longer than the western — defect common in the English 
double-cross churches 
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ern Yatican, ) having arisen in the latter case from the adili- 
tion of a long nave to what was originally intended to be a 
Greek (-ross. In all these cases the three short limbs are 
either terminated by, or wholly consist of, three apses. 

Many of (-he Romauescpic churches of the Ilhine presegt 
an extension of this plan by forming a cross of this kind at 
each end of a long nave, of which the finest exainph^ \s 
the Apostelnkirche. Hence arose the G(‘nnan donbk 
cross, very different from the English, and resembling 
rather this figure, The two tran8(*j)ts, liowever, w(U'(^ 
never alike : one of tlicm, generally the wostenm, has B(|iia,rc 
ends insteuid of apses ; fre(pi(mtly both arc S(pm, re-ended, but 
the extnmio ends of the building were in many cases, as at 
Ment/i, both apsidal, forming two clnnieels, and admiting of 
no entrance in the axis of the building, but only in its sides, 
(as at Worms and Oppeuheim,) or on each side of the 
western apse, (a,s at the very curious abbey of Laacdi.) 

In later buildings the western apse was omitbul, l)ut the 
eastern always retained, and occasionally it was (laukiHl by 
two minor apses projecting from the (mstc^rn sid(‘,s of the 
transept arms. This arrangemctit o(;eurs in Era,n(‘.(j a.t Koium 
cathedral, and in England at Hornsey, Hants ; but in Ger- 
many it seems common, the best known examples being 
Laach, Andernach, and Gelnhausen. In the latter, the side 
apses are carried up to form towers. This triapsal plan, tar 
inferior in beauty to that above described in the Cologne 
elmrehes, arose from the then newly-introduced custom of 
orkntafiion, or placing every altar against an eastern wall ; 
whence also the practice of giving transepts an aisle on their 
east side otdy, destroying the symmetry of their end facades, 
as at Salisbury. 

Sometimes a transept projected so little as to appear only 
in the (derestory, and not to affect the ground plan, as is the 
case with the lesser transept at the abbey of Hcfistorbach, 
and the only one at Freiburg minster, both of the Transition 
or earliest Pointed period. Both of these transepts, how* 
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ever, are lower than the clerestory, though higher than the 
aisles, which is a great detriment to the unity of the build- 
ing. The transept of Notre-Dame at Paris, and the lessei 
one at York, are of the same kind, but, being as high as the 
main building, are free from this objection. 

The Grerman Romanesque churches are not more remark- 
able for these varieties of plan, than for similar complexities 
of outline produced by their numerous towers, amounting in 
some cases to six, and at the small cathedral of Limburg to 
sexm. The crossing of each transept had usually a low 
square tower concealed by the roofs ; four arches thrown 
across the angles of this, served to support the oblique walls 
of an octagonal lantern rising above the roofs, and terminat- 
ing internally by a cupola, externally by a pyramidal roof, 
pitched at an angle of 60 °, or more. The western tower, 
however, ( whether placed over the crossing of the west 
transept, or at the extreme west end,) was usually without 
an octagon, and ended in a sqmre pyramidal roof, the sides 
of which correspond to the angles of the tower, and, by 
intersecting its aides, form four high-pitched gables. This 
form of tower-roof is a striking characteristic of the older 
German churches.* 

Small towers or turrets were placed in pairs, first, near 
the east end only, as at the Apostelnkirche 5 then near both 
ends, as at Speyer, Mentz, and Laach ; and finally, at the 
west only, as in most Gothic churches, wdicre they assume 
greater importance, and become (at least on the Continent) 
the principal towers both for size and height. When there 
were two towers at each end, the two pairs were always 
varied in form, height, and distance asunder. Thus, at 
Laach, the octagonal eastern lantern is flanked by square 
towers, and the square western one by octagonal towers: the 
latter are placed as far apart as possilile, viz., at the ex- 

* According to Borae engravings it seems to "be in aotne cases octagonal, with an 
angle over each angle of the .sriuare tower, hut they are often unintelligible ox 
irreconcilable. Even in Moller’s fine work there ate discrepancies in this respect 
^ee his Plates of Limburg cathedral.) 
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tremitics of tlic western transept, while the former are as 
near as possible, viz., in the eastern rentrant angles — a posi- 
tion common in the oldCwSt German buildings, and which 
gives to the eastern view of the Apostelnkirche a Byzantine 
and almost mos(|ue-like character. All these towers termi- 
nate in pyramids or spires. 

The s(',ven towers of Limburg consist of a central octagon 
and spire, i^wo largo scpiarc western towers, with gable pyra,- 
mids,* and four slender ones of the same kind, at the extreme 
corners of ih(‘, transept, — a ratlur unusual position. Such 
towers, howewer, 0(‘cur in the great Gothic cathedrals of 
lloueti and Bheims and there is good evidence tluit tln^y 
formerly existed in the Saxon transept ends of Winchester, 
hut were removed probably in the alterations of 1019. 
Historic nu'-ntiou is made of a tower or towers, also at the 
east end of that, immense BiOmancscpic pile, which must have 
been hardly inferior to that of Speyer. 

Ther(‘. are also instam^vs of pairs of towers so atta(‘hedou 
each side of the church as to form themselves a transept. 
This occurs sometimes at the west front in a.ll countries, as at 
Rouen cathedral, Lincoln, and Wells. Again, two buildings 
on the extreme coufmes of the Gothic sway,J perhai)S the 
easternmost and westernmost examples of pure Gothic, agree 
in one great, peculiarity. Exeter and Yienua present instances 
of the only transe])t being formed by two towers built against 
the sides of the church. 


• A convonioni namo for tlio form of roof above cloHcribed. 
f These loworH poHRoas, both at jRK)uon and RhoimB, a poculiar and ratber elegant 
character. Tlioy rise no higher than the mam roof, are less ornate than the refit 
of the bnilding, and luivo each face occupied by one lofty unglazed window, or 
open arcb, divided into two lights by a very slender shaft. 

$ The g(U)grapUical range of the Oothlo stylo cannot be very exactly dedned, 
ow'n^r to the habit whidi easiorn travelers have, of calling everything that con 
taiuH a pointed arch, Otttluc. It fleem«, however, to extend as far 8. ti, as Corfu, 
or perhaps Khodes, and n. w., to Ireland ; N. K , to the Baltic Ifilo of Cottland, and 
s. w., to th(‘ oc('anic isle of Madeira, where the extravagantly dobafied niches of the 
cathedral of Funcbnl fiirnifih (in the ftrst modern colony) the lafit expiring effort 
of mediaeval art : geographically placed between two worlds, it seems 0tly to stand 
between two hifitorical epochs. 
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oO HISTORY AND KCDIMENTS 

The G-otliic bmldlugs of France, though more magnificent, 
present le-s varletj oi form, and far less eilenial beauty, 
than tiio&e of either Germany or England. Their comparh 
sou ^ith the latter shows some great diiferences in general 
design, which we will endeavor to trace. 

The year 1219 is remarkable for the foundation of twm 
cathedrals of the largest class, one in France the other in 
England — Amiens cathedral and Salisbury cathedral ; one 
French Gothic, the other English. Our limits forbid a 
comparison of their respective merits. 

We should observe, that the churches of Aormandy (espe- 
cially the three magmficent ones at Rouen) approach the 
EngLsh rather than the French type. They exhibit their 
lengthy proportions, (every other dimension seeming sacrificed 
to lineal extent,; their strongly marked transept and outer 
hut tresses, and their great central feature predominating er 
the western towers, which m Prance were generally the 
principal ones. Xormandy seems always to have formed 
architecturally an English province ; and the observer who 
goes from Westminster to Rouen, goes from a French build- 
ing to English ones. 

The greater proportion of height to breadth in the French 
Gothic avenues is not a general feature ; the great majority 
of such vistas, in ail countries alike, having the height equal 
to twice the breadth. A higher proportion is confined to 
buildings of the largest class ; for the larger they are, the 
greater may this proportion be without appearing excessive. 

It might be supposed that the introduction of arching, by 
enabling wider spaces to be covered than by lintels, w^hile at 
the same time it required more extent of abutment (for the 
same width of span), the higher it was raised above the 
ground would for both these reasons have led to openings of 
a lower and wider proportion, both in wnndow^s, arches, 
wenues, and entire buddings. But this was not the case, at 
least not in ecclesiastical buddings, the designers of which 
continued to be fully alive to the majesty of tall proportions, 
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even whca obtained at the expense of space and convenience ; 
and they never, till the latest period of the style, admitted 
archways for any purpose, great or small, lower than twice 
their breadth This was also the proportion given to singk 
openings by the classical ancients, not only in doors and 
windows, but in distyle porticoes (as those of the Tower of 
the Winds.) But it seems to have often escaped notice, that 
in both systems the placing of several openings side by side 
(at least externally) renders a taller form necessary, and this 
in proportion to their number. A tetrastyle portico formed 
simply by the extension of the distyle, would be low and 
squat ; it requires to be nearly sejuare in its general outline, 
e., the height of its openings must be about thrice their 
breadth. A hexastyle portico requires the columns to be 
placed still luairer than a tetrastyle, as apptmrs })lainly from 
comparing the two porticoes of the Krechtheum. J^iit two 
columns taken out from either' of these, especially the 
hexastyle, would be quite inapplicable as a distyle porch, 
the opening l)eiug much too narrow. The prevailing faults 
of the Englhh Gothic is lowness of proportion. 

The whole inttumal portions of Amiens are so admirable, 
that this model was closely followed in two other immense 
edilices, each intended to have exceeded every human work, 
but, after centuries of labor, left not half complete. Beau- 
vais remains a choir and transept only j Cologne a more 
choir. The first of these glorious fragments, while preserv- 
ing th(>, proportions of its model very exactly, exceeds it in 
scale by about one-sixth : while Cologne would have been, 
internally, almost a copy of Amiens, all the modular dimen- 
sions differing only by a few inches. The German cathedral, 
however, besides the advantage of a more complete style, 
would have had a strongly marked transept, advancing four 
equal compartments each way, a stone central tower and 
pyramid of a breadth proportioned to the building, and two 
colossal western towers and spires as high as its whole 
length, and so adjusted that a straight line might be drawn 
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from their summit, touching that of the central lantern and 
of the east end. This building, if completed exactly accord- 
ing to the design, would certainly eclipse all others of every 
age, country and style. 

The duomo of Milan, the greatest completed Gothic struc- 
ture ol Italy or perha])S the world, also closely follows 
Amiens, both in proportions and scale, the chief alteration 
being that of placing the transept nearer the eastern than 
the western end. 

The buttress-chapels (or else double aisles) of the conti- 
nental churches called for peculiar modes of roofing. Instead 
of one Icrngitmliml lean-to or semi-roof, there is commonly a 
separate and complete roof over each compartment, but ex- 
tending transversely over both the inner and outer aisle, and 
terminating both ways in hips. Such is the case at Cologne, 
and at the nave and apsis of Amiens, but in the choir they 
terminate outwardly in gables, — an arrangement which 
seems more consistent than any other with the Gothic prin- 
ciples. The superb church of St. Eicquier, near Abbeville, 
presents a singular modification of this. Instead of each 
roof covering a compartment, it covers two half-compart- 
ments, making a gable over each buttress, and a gutter over 
each window. 

As these modes of aisle-roofing do not abut against the 
central building, they do not necessarily lead to a triforinm ; 
and the clerestory windows might be continued quite down 
to the cornice over the aisle arches. Such is, in fact, the 
case ; but the architects, wishing to retain a kind of trifori- 
um, formed the lower part of these windows into a very nar- 
row one, not lighted from within, as with us, but admitting 
light from without. These galleries are formed, as it were, 
in the thickness of the wall, — ^if that can be called a wall 
which consists only of two fairy-like arcades, — the outer 
glazed, the inner left open. The shafts of both are of the 
utmost slenderness, having nothing to support but the walk 
above, open to the exterior, and the glass of the clerestory 
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window ; and hence there is no wide arch spanning the whole 
compartment, or at least half of it, as in English triforia. 
While the Uiwl triforium at Abbeville, with tracery and par- 
apets varied in each compartment, is exquisitely beautiful, 
these Iwnmwus triforia at Cologne, Amiens, Beauvais, and 
St. Ouen, l)y admitting light where we commonly see solid 
wall or dark openings, produce an effect our Gothic never 
reached. 

Dr. Moller observes, that the Gothic churches of Hesso 
are mostly without clerestories, but does not say wli ether 
their outer roofs all resemble that at Marburg, — an interest- 
ing question, as this kind of building (wliich has its own pe- 
culiar stylo of beauty, and is well adapted to modern wants) 
is very variously roofed in different countries. At Yieima, 
one enormous high-pitched roof covers all three avenues, and 
gives the form of a barn, with more roof than wall At tlie 
east end of Salisbury, a similar roof, but with a mothjrate 
pitch, below 45°, is skillfully adjusted at the end to fit three 
acute gables, — an example well worthy of modcum imitation. 
The more general English method was by throe distinct lon- 
gitudinal roofs, (as at the Temple church,) leaving the inter- 
mediate gutters to be choked by every fall of snow. At Mar- 
burg, the aisles are covered by transverse roofs over each com- 
partment, originally (now over each pair) pro(?, ceding from 
the central roof, and terminating outwardly in hips. 

In the foreign dipteral churches, whether with the outer 
aisles open or divided into buttress-chapels, these parts were 
commonly of the same height with the inner aisles. Milan 
and Beauvais present exceptions to tliis. Tluiy have what 
may be called a double clerestory, the inner aisles rising above 
the outer aisles or chapels, and having windows above them. 
At Milan, the outer aisles are so disproportionately high, 
that thes(i two clerestories, which are exactly capial and 
similar, are reduced to a very poor altitude ; and the com- 
partments being very broad, the vaulting leaves room in ea(;h 
case for only a very small window under its crown, i. e,, in 
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the centre of each wide compartment. Thus these two tiers 
of thinly-scattered holes admit only just light enough to 
destroy the unity of a building with five avenues of equal 
height ; and this famous duomo has neither the beauty of 
the common Grothic nor of the Hessian arrangement, but the 
disadvantages of both, with neither the airy clerestory nor 
the palm-like combination of pillar and out-brancliing vault- 
ribs, which is peculiar to buildings without clerestories. But 
how differently is this managed at Beauvais, which, though 
the loftiest apartment ever built, is yet made by its numerous 
stories, and their skilfully-contrasted inequalities, to appear 
both inwardly and outwardly loftier than it really is. For 
within we find, first, the enclosure walls of tlie outer chapels, 
then their lofty windows ; above their vaulting a small blank 
triforium, and then the moderate-sized aisle windows ; again, 
(above the aisle vaulting,) the great transparent triforium, 
and then the immense clerestory, with windows longer even 
than those of the outer tier, and at least ten times t he height 
of the first blank triforium, which yet is (or seems) high 
enough to form a gallery. A dimension is not increased in 
appearance by division into equal parts, but only into mmqual 
ones well contrasted. It is very doubtful whether the uni- 
form repetition of columns, windows, or other features, adds 
to apparent length ; but the unequal divisions of length 
formed in a Gothic church by the vestibule, nave, crossing, 
chancel, &c., give artificial length, and the unequal stories 
give artificial height, while tlie equal stories of a factory pro- 
duce no such effect.* This principle of contrasted division 
is important in the composition of mouldings. In good 

* Perliapfj a gradated division, diminishing upwards, may also give apparerU 
height. No building, of the same altitude, appears nearly so lofty as a Doric 
portico ; on which Papworth observes — ‘ In the vertical subdivisions of the 
masses forming the columns, the triglyplis. the metopes, and the mutules, and 
even the ornaments above them, — ^the acroteria and terminations of the roof. — it 
is evident that great attention was paid to produce the effect of altirude. by con- 
ducting the eye from the base upward along the columns and entabkture in a 
succession of lines admirably proportioned to each other, and becoming shorter aa 
they approach the summit of the building.'’ 
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cornices we never find two members of equal or nearly equal 
height together, nor should two conspicuous members of the 
same kind be nearly equal, even though separated by nume- 
rous members of a dillerent kind. Alteration is as bad as 
succession of equal parts. There must also be a fixed limit 
to the principle of contrast where it begins to interfere with 
that of multitude. There must be a certain disproportion 
between two divisions which should not be exceeded, because 
then the larger division would appear greater, divided into 
two, then entire. Wliat is this limiting ratio ? An examina- 
tion of the hnest classic cxanqiles would seem to give, for 
this limit, the ratio of 10 or 12 to 1. A greater disproportion 
than this, the eye can hardly measure or undevrstand as a con- 
trast. While very small diflereue.es (if visible at all) are 
always M:e/--(^stimated, very great ones are always under- 
estimated. Good examples of contrasted division should be 
ooi)ml simply as meJk They arc eipially ajiplicable to the 
divisions of a building or of the smallest moulding, conducing 
alike to sublimity in the one, and beauty in the other. 

The origin of the chief peculiarity of general form in the 
JdngUsk Gothic, viz., the eastern minor transept, may be 
accounted thus : — In cruciform churchcB there were two modes 
of placing the choir and its furniture ; either in the eastern 
limb, which was most common, or in the centre of the 
(jross. This place was especially proper when there was a 
lofty lantern over it, as in the Italian duomi and English 
cathedrals, but not in the Erench, in which accordingly there 
seems to be only one example of this arrangement, viz., at 
Rheims. 

This plan had the advantage of placing the choir in 
the most imposing spot, where alone tlie whole building 
displayed itself in five grand perspectives,* but it had the 
defect of shutting out the view of the transept arms from the 
nave and from each other, which latter was always the finest 

» Tlie flrtli being the tower, wliich was in all those caHos originally open as a 
lantern. 
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proportioned vista in the building, because not too lengthy 
for its other dimensions. 

There is another peculiarly English variation on the general 
Gothic plan, which deserves attention, and ought to render 
the name of Alan de Walsingham preeminent among the 
few Gothic names that have descended to us. This architect 
invented the truly masterly expedient of altogether omittiiig the 
four middle piers for supporting towers, thereby at once 
forming a noble octagonal central space, distributing the 
weight of its covering, or lantern, among eight instead of 
four supporters, greatly diminishing the inward push on each, 
('because it receives the thrusts of its two abuting arches 
inclined 135° to each other, instead of 90,°) and, lastly, 
enabling these piers to be enlarged to any extent in one 
direction (outwards) without stoping or even contracting 
any one of six avenues of the chui*ch. 

This invention is equally applicable to any style, or any 
mode of construction ;* and if disposed to underrate it on 
account of its simplicity, we should ask. Why was it never 
used before ? We might add, why has it never been rein- 
vented even by the most ingenious modern architects ? In 
looking over the engraved designs of Palladio, Sccamozzi, 
Vignola, &c., it is wonderful to observe how very nearly 
they often approached this idea without ever completely 
reaching it.f Indeed, no example of it seems to have been 
finished out of England, either in the Gothic or Italian 
styles,! — and even in its native land, it lay dormant at Ely 

^ Tliere is a beixitifulinstance of its use in lintel construction in the tomb at 
Mylassa (fig^ured in the “ Ionian Antiquities’’ of the Dilettanti Society.) Accord- 
ing to Mr Fergn.sson, the same form is common in Indian mair^olea. It would 
thus seem to have been invented thrice, in Ionia, India, and England, at widely 
different epochs. 

t It did not, however, escape those excellent geometers, the Spanish Arabs. 
Since writing thj I have learnt of a complete vaulted example bv tiiom, in a hath 
at Btwcelona. 

t Most modern Italian churches have the octagon space, hu' at the expense of 
the aisle avenue.s. whicli are either absent, or blocked up, as at ' o From 

a plan which Wiebeking saw in the archives of the cathedral o'' n-dogua, begun 
1388, it appears that the Ely octagon was proposed on an inno use ncale (110 
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Jtoi JjiCG centuries. Of its revival, Waie says, *‘The; octa- 
gon base, and the vista of the aisles through h, is together 
ail iiwennon not easily allowed even to Sir Christopher 
Wreii.’^ ^Y:u\ never claimed it ; he had native plumes 
enough without borrowing any. Yet, perhaps, if his uncle 
had not ])i'en Bhsho]) of Ely, St. Pauls, though a fine, would 
not have been an unique building. 

This great man, fiom the bcgiiining of liis career, appre- 
ciated the manifold merits of the plan peculiar to his uncle’s 
church, and when called on to repair Westniiuster abbey, ho 
intended to rcnnodel its centre on this ty})e. BaxI details 
and Italian coruic(‘s could widl have boon tolerated for the 
sake of sudi an improvement *, especially needcal here, not 
only to fit the building for its present use, (for which it is 
now, like most (lothic stnietures, singularly ill adapted,) 
but also to corriH'.t its peculiar defects ; which area want of 
moimmeiitxil durability; and an irregularity in the compart- 
ments next tlie (a’ossiiig, whidi in the nave are wider, and in 
the transejit narrower, than their regular widhli. But this 
improvement remains to bo made. At some fui.uri^ day flet 
us hope, of pure taste,) when the hoary pile grows infirm 
and full of days, and not only convenience, durability, and 
beauty, but sftfekj also, calls for it. Wrongs plan will doubt- 
less be carried out, without the faults of his details. 

Disappointxid here, howevcjr. Wren a])plied the jirinciple to 
one of his smallest and cheapest buildings, which consequent- 

feet aiameter) for tliat building, but the clnquocontiHt arobitoctH wwo too timid to 
vonturci on it, for tb<i woo<l(ni model in, ilio sacrinty adliorON to tho old motluKl ■witb 
four contral piers ; and neitlier project has suited tlio roaouxees of “ Bologna tiie 
Fat,” for the nave only is built. Tho ciixliodral of Pavia, bowover, begun in 
1480, but equally imfUuHbod, proncsnlH the octagon balf-developed, and com- 
pletely HO in the original (hwign of itH arc.ldtaet, Rocchi. Tt hiiH been Haid that 
the cluomo at Florence (left roofloHB till a councU of archilectH and engineers 
from all pariH of Kurojje afiHoxnbled to oonsult bow to cover it) exbibite the 
rudiment of the Englinb octagon ; btit, if ho, it ih very rudimentary indeed. 
The very ancient little Bysjantine chapel of Santa PoHca, on the Tsle of T(r- 
collo. in the Vimetiian lagunoH, proBente a much nearer tt])protich ; but in ihis, 
as well as in the modi'rn church of Santa Marla della Uraiaia, at Milan, the reRem- 
hlanee ih only in p'dn, no advantege lieing taken of the octagon for facilitating the 
covering, which is by a dome, otifovr pendontives only, covering tho square. 
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ly fthough only a plaster representation, never yet executed, 
as it might easily be, in permanent building) has given the 
narrow lane of Walbrook an European celebrity and 

* The just and universal ajjprobation bestowed on tbc interior ol' this I'ttle 
church, renders it one of the very few modem buildings that furnish proper ob- 
jects for that search into principles which it has been our study to apply to the 
chief ancient and medieval models. In such a search, we cannot but observe, 
that of Sir Christopher Wren’s fifty churches, this is, I think, the only one with- 
out gaVerie'i. How greatly, then, must the facility, or rather, the pos-ihility, of 
dehigning a fine interior, he diminished by requiring a great portion (often 
more than half) of its area to be divided into two floors ; when even this great 
man, in so mam/if trials, did not once succeed in solving this problem satisfac- 
torily, or so as to produce an effect approaching to that which he so easily 
produced, in one trial, when unfettered by this most odious requirement of 
modern parsimony. But, in comparing this church with those few only which 
can compete with it on fair ground,— those without galleries,— we must still 
admit its transcendent merit, not only as compared with those of its own style, 
but also with those of the purest Gothic. We may fairly challenge the pro- 
duction of — 1st, any interior, for whatever purpose designed, which produces an 
equal effect with so small an amount of ornament ; and, 2ndly, any interior which 
possesses equal beauty -with as much fitness for the purpose 
of Protestant worship. The height being no greater than is 
necessary for breathing room, a division into Jim avenues 
was ab.soluiely necessary to obtain any thing like a majestic 
loftiness of proportion ; yet the number of columns does not 
impede the sound and sight of the preacher, because this 
very number enables tliem to be made smaller than the 
usual space between the heads of two persons, so that all 
the congregation can, without lo.ss of space, place them- 
selves so as to see and hear ; for the pulpit and desk are 
80 placed that, if we suppose a lamj) lighfed in either of 
them, the shadows of no two columns would overlap to Plan of Sti'phen’s, 
form a broader shadow than that of a single one But Walbrook. 
not only are the sixteen columns so di.stributed as to answer this condition, 
(fulfilled in hardly any other church ;) they are so arranged in a i)lain oblong 
room as entirely to conceal its vulgarity by introducing the various beauties (no 
where else combined) of the lAtin cross, Greek cross, square, octagon, and circle. 
Observe, too, how strictly the rectangular forms, expressing stability, are kept 
below ; up to the entablature all is right-angled ; then come the oblique lines, and 
the elegant circular forms above all. Wren did not (as we remarked in Chap. Ill ) 
sufficiently observe this principle m some of his wo’'k8, but here its complete ob- 
servance so improves the idea. that, though borrowed from a Gothic work, h could 
hardly be re-transferred into that style without great loss ; for how could the 
combined plans (cross, square, octagon, and circle) be kept in that style so equal- 
ly prominent as they are here ? none prevailing over and disguising the others. 
The cross, and especially the square, would hardly appear hut for Ihe entablature, 
which could not he replaced by any Gothic feature that should have sufficient im- 
portance without appearing clumsy or unduly exaggerated. Again, that style ii 
80 much better adapted to polygonal than to circular plans, that it would be diffi- 
cult to keep the former ft-om overpowering the latter 
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when liis first design for his great work was obliged to be 
abandoned, (it is said with tears,) and the form and propor- 
tions of a Gothic cathedral substituted, he recurred to this 
arrangement as the chief source of its originality and gran- 
deur. Btrange to say, this invention, so pecuHarly fitted for 
Protestant worship, which requires an ample central space, 
(not lengthy avenues,) has slept again for a century and a 
half, and has only been revived in the elegant church just 
erected at Highbury.* 


But while tho central squmre of the ordinary Oothic plan in elbowed by its 
piei'B, the central octagon, on tho contrary, Ih rather too HpacioiiH for the bent 
artlHtic ellVct, and at St. Paul’s it overpowera the other parta, making tlie fotir 
great avennoH seem narrow and low : who would bellovo tliat they are as high 
as those of Salisbury ? A medium, then, between the octagon and the square is 
presented by the early pointed cathedral of Sienna, which has its central space a 
hmagon^ and, though this is there clumsily arranged, and blocks up the aisle vis- 
tas, it might by a little ohange have left all six avenues open and unoontraoted. If 
the middle transept avenue occupied the western half *1’ the hexagon, passing 
through two of its sides obliquely, then its two other oblique sides might each have 
a semi-hexagon described on it. The two outer sides of those would form win- 
dows ; their two eastern sides, entrances to the choir aisles ; and their two re- 
maining sides to the east aisle of the transept, which might or might not have a 
western aisle, for that would fall without tho hexagon. Tho breadths between the 
centres of the columns, (calling that of the nave one,) would be thus. The nave 
aisles, one-half ; diameter of the hexagon, two ; the central transept, the square 
root of three fourths ; and its aisles, one-half of the square root of three-fourths. 

The capabilities of the hexagon and dodecagon have been greatly neglected in 
artistic planning. Their union with square forms would produce many beautiful 
and useful combinations useful (that is) invmMeA and other genuine 
mnt modes of construction ; the chief artistic advantage of which modes is, that 
they require or conduce to such combinations ; so that, perhaps, elegant planning 
can hardly he expected, without a return to real architecture. Bartholomew 
draws attention to the beautiful symmetry of a plan to which the vestibule of the 
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III. From tlie general arrangement of the Gothic struc- 
tures, we must now descend to their details ; first premising 
that these appeared in a different order in different countries ; 
all of which seem to have advanced by different pa4hs to- 
wards the same object, which they all, about the year 1300, 
completely attained. Not till then did their several styles 
arrive at the nearest coincidence ; ■ and this only style, common 
to the various Gothic nations, is that which all have agreed 
to consider the comjphte, Gothic, as containing all the essen- 
tial features of the system, viz. : 1. TJniversally arch- 

ings each arch being composed of several ribs or mouldings, 
so arranged that the innermost or narrowest might serve as 
centering on which to turn the next, on which a still stronger 
wms turned, &c., greatly economizing the original wooden 
centre; 2. Rihhed-^auUing ; 3. Apparent huitresses ; i. Fil- 
kr-dusienng, with reference to the ribs, each rib (whether 
of the vaulting or of* the arches) being given to a particular 
shaft ; 5. Finnade-chostering ; 6. Window tracery^ with sub- 
ordination (of principal and minor tracery bars) ; and, 
lastly, Foliation, or foiling, an universal though seemingly 
non-essential ornament. These seven peculiarities may be 
considered necessary to constitute the complete Gothic ; but 
some very beautiful styles arose before this complete deve- 
lopment, by thjs- Qacrying out ai some of these principles 
alone ; and wherever any one of them (especially pointed 
arching) is consistently observed, a beauty is derived from 
this consistency. All the, styles which completely carry out 
this principle come under the, general term Early Foinled, 
and are further distinguished as Ewriy English, Burly French, 
'$ 0 . the word ^ Pointed^ being understood. Of all these, 
the Early English may be este^ed' as decidedly the most 

Temple fliurcli offers a rude af^proaoli, viz., a dodecagon with its covering support 
ed by six pillars and eighteen arches, all of equal span, dividing the whole into a 
central hexagon, surrounded hy six square and six triangular compartments, all 
equilateral, and making the thirty lines composing the plan all equal. The prece- 
ding example of hexagonal planning approaches the same idea. It represents the 
two stories of the royal mausoleum at St. Denys, destroyed in the first French 
revolution. 






OF ARCHITECTURE. 


241 


pure and coiiRistcnt. It is not confined to England, but 
nearly so ; its only continental localities being Brittany and 
the western part of Normandy. All provinces further east 
exhibit various kinds of Early Pointed, different from ours ; 
and some of which were formerly supposed to display a more 
advanced stage, or a nearer approach to the complete Goth- 
ic, tiian the contotnporary Englivsli examples. Thus Amiems 
cathedral, begun in the same year with Salisbury, certn.inly 
at first sight appears, with its large four-light windows and 
varied tracery, much more Gothic than Salisbury, wher(‘ 
there is no tractuy, or only the first rudimentary effort, to- 
wards it. But on a closcir inspection, we find that much of 
the Amiens tracery fas the lower nave windows and 
great end rose windows ) con^sists of after-additions : that 
tlic' original windows show no greater advam'C than some at 
Salisl)ury fthoso of the chapter-house) ; that tlnu’cmaining 
traexry being simi)ly composed of foiled circles or foil-circles’'' 
juiekod together, is no more than what the Salisbury build- 
ers may be supposed cpiitc capable of d(^signing, had they 
possessed the desire, or the funds, lor such enrichment ; and,, 
lastly, that if the Iracejy is more complete at Amiens, other 
features (as the vaulting) arc precisely similar in both, while 
others are decidedly more advaiu'cd in Enghind. This is 
specially the case with the arch-mouldings and pillars, which,, 
even in older buildings than Salisbury, exhibit a richness of 
clustering far beyond those of Amiens, whose groups of five 
only, with Corinthian capitals and scpiarc plinths and abaci,, 
hardly indicate any adva,ncc from the Bomanesque. 

It is easy to conceive that the Gothic features might have- 
appeared one by one in a different order in different coun- 
tries, and that while one nation made its first advances by 

* The nomettclature of Rickman seems on tWa point more concise and ever)' 
way prelerahle to that of ProfeBSor Willla, whose/oClerf arch arch cor- 

rcapoml wBpcclivcly to RIckman’a areh and arch, which, to any oh. 

Berverof Gothic huiiatnKH, 8ccm hardly to require explantition, the former beings 
where the whole archivoltin broken into ftevoral curvee, and the latter where thee® 
are only inserted within a Kiniple enrve. 

21 
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means of tlie pointed arch and vault, another invented tra. 
eery or foiling, a third began with the acute spire and pin- 
nacle a fourth pushed forward the subdividing of the clus- 
ter-column and many-shafted jamb. This last was the case 
with England, where many round-arched examples even are 
so Gothic in this respect that they present as many vertical 
lines as any building : Winchester tower, of the eleventh 
(century is an example. 

Germany boasts of the first examples of the Gothic arch, 
and yet, strangely enough, was the very last country to 
abandon the round arch, which continued to struggle with 
the pointed forms, and render the “ Early German,” even 
down to the middle of the thirteenth century, an incongruous 
mixture, unworthy the name of a style. In buildings with 
complete pointed vaulting, and all the beautiful varieties of 
plan and outline mentioned above, when we turn to the win- 
dows, those favorite types for recognizing the Gothic styles, 
instead of the beautiful grouped lancets of the Early Eng- 
lish, we meet with such forms these : 


12 3 4 



Early German "Windows. 


The foiled forms were probably introduced from the East, 
(being common in Arabic architecture^ and though the 
Germans were perhaps the first to use these forms exten- 
sively, it was long ere they learned their true use, not to be 
placed alone, but as adjuncts to graver and more simple 
forms. The round trefoil arch seems in Germany to have 
preceded the common pointed one, and in grouping two or 
more openings under one arch, they aimed at variety rathei 
than unity in their forms. Thus, using the letters T, R, P, 
and *, to express pointless Trefoil^ Rowtid arch, Fainted arch, 
and foiled circle, we find such combinations as these : 



OF ARCHITECTURE. 


243 


RRRRTTTPPP 

ttt ppprrpp r t r * 
a : T T r j)p jfp r e t t r r t t 

But not till later than in Prance or England do we find — 

P P P 

p * and P p 

p p p p PPPP 

When, indeed, the Germans did adopt these combinations, 
tracery of the most beautiful kind rapidly f()llow(‘xl, and in 
St. Catherine, at Oppenheim, and the glorious design for 
Cologne (1248), this part at least of the Gothic system 
certainly attained its fullest deyelopment, rather soomu* in 
(Germany than elsewhere. So rapid was this development, 
that there is hardly an example in that country of Jilarly 
PoiiUed (St. Elizabeth, at Marburg, is the chi(d‘) ; for no 
sooner did their architeciture become completely j)()int(ul than 
it became complete Gothic. 

The German Gothicists particularly excelhul in the design 
of spires and the grouping of pinnacles, which they carried 
to a complexity unknown elsewhere. This fea,turc sprung 
from the simple practice of finishing a square turret with an 
octagonal or conical spire, and then occupying the spandrils 
left on the plan, by four smaller spires ; a proceeding as old 
as the tombs of the Etruscans. 

The practice of window tracery everywhere had its origin 
in miulov^-groupingj placing two or three lancet windows 
beside each other, and one or more foil or rosette windows 
above and between their heads, in order to fill out the arched 
cell of the vaulting, which then necessarily gave the whole 
group an arched outline ; and this wa^ indicated externally 
by a general drip-mould or label It then became desirable 
to lighten the irregular masses left between the perforations, 
and this was done by piercing these masses, or spandrils, and 
reducing the solid frame of each foil or rosette to an eqnal 
thickness all round, as if several such frames or rings were 
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packed into one great arched opening, which henceforth was 
regarded as one window instead of several. 

Each country has had its successive styles of tracery, and 
each has begun with the simple subdivision of one arch into 
two, and these sometimes into two again, filling up the siiaee 
between the heads with a drde, as at Marburg ; a foiled 
circk, as at Salisbury chapter-house, and the aisles of Cologne; 
or finally a foil-drdtj as at Westminster, and the clerestory 
of Cologne, where it is subfoiled:* thence proceeding tc 
pack together such forms over an odd number of lights, to 
which the method of continual bisection would not apply ; 
and thus the first kind, which may be called pachd tracery, 
became complete. Deviations from the principle of packing 
led to the general tracery, absurdly called ‘'geometrical f 
for all G-othic tracery is geometrical, none is hand-drawn. 
This beautiful, purely mmeaimg tracery was succeeded in all 
countries by the flowing loop or leaf, and then by the peculiar 
national After-Gothic. Germany, however, as it had been the 
first to perfect, was also the last* to abandon the “geo- 
metrical’’ tracery, which continued there, even into the 
fifteenth century, our Perpendicular Period. England and 
France, however, in the fourteenth century, abandoned the 
unmeaning for the flowing leaf-tracery ; and this, notwith- 
standing its beauty, had hardly time to show itself before it 
was superseded, here by the perpendicular, and in France by 
the flamboyant. Hence it happens that of the three great 
classes of tracery, — “ geometrical,” flowing, and perpendi- 
cular, — while the last is, as every one knows, by far the 
commonest in England, the most abundant kind in France 
is flowing ('flamboyant j, and in Germany geometrical, i e., 
unmeaning. 

The unmeaning tracery of Germany is very beautiful, and 

* sems a more concise and clear term tnan 

^l)y WiUia,— whicli is liaWe to be mistaken for the practice, common in Frairnw, ol 
di'vidlng a flame-like form into only two foils. 
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generally par- 
takes of the 
packed charac- 
ter, the follow- 
ing forms OGCur- 
ing vei’y ahiin- 

dailtly The Elomonts of Gorman Tracery. 

coiivcx-sidcd triaTiglo and square arc placed in all positions 
indilfereutly, and the frameless trefoils and ciuaXrcioils are 
often formed on the basis of these figures instead of the 
circle. The foilings and siibfoilings, formed by a very nar- 
row but dee[) chamfered member, leave their little spaiulrils, 
(called eyas by our workmen,) entirely open, producing the 
lightness almost of metal-work. Oireular windows,-— in Eng- 
land almost confined to the ends of the trausespt,— were 
employed abroad where, ver a window of the ordinary form 
would have become of too low and broad a proportion.* 



* The term maHgold haP been applied to thoHO circular wlndowH in which radi- 
ating mulliotiH prevail; and rom to those in which no such lines are found. The 
preference given to the latter may he traced to tho feoUngfor Hubordination of the 
classes of form. A general form of tho third class should not he lilled up with do- 
tails of the second. 

The llnest rose windows, perhaps, are at Rt. Ouen, (Rouen,) and nui immense 
ones at Beauvais, in which however, there is not enough subordination of ailTt‘rent 
c asses of nmlUons. Tho tlnost of the radiating sort are at S^rashiirg, Wostnimster, 
and the south front of 
Amiens, where a pleas- 
ing variety is produced 
by tho lines radiating 
from points a little dis- 
tant from tlie centre, so 
as to give alternately a few radiating and a few parallel mullions. The figure a, 
called perUcUpha, is very common in French clroulat window tracery ; and th«iy 
followed the example of flowers in founding their division, ohletly on the numbers 
8 and 5 those divisible by 4 being comparatively rare. The term whml, applied 
indlscrimlnatidy to all round windows, would be bettor restricted to those oallcd 
in V" inccj which differ from ordinary roses in having the similar 

sectors of the pattm-u not alternately reversed, but ah turned the same way, which 
gives tlie idea of rotation. There are many varieties of them, though none contain 
more than six or eight panel -i, there being none above tho smallest scale, probably 
from a fooling of the instability given by their rotatory expression. Hence the use 
of a largo entl complex one, as a principal and central feature, in a church lately 
flniahed at Islington, must be considered in very questionable taste. 
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When the Gothic system had attained its culmination, the 
chief differences were that fand 

perhaps we may add, moulding,) were best developed in 
England ; spire design and pinnacle-clustering in Germany ; 
window tracery in France ; and foliation in the Netherlands 
and Spain, ( where it took an extraordinary richness and 
complexity from the Arabs, its probable inventors.J All these, 
however, were rather differences of degree than of kind, and 
the style might be said to be now every where the same. 

The Gothic, then, had in the fourteenth century become 
a complete system, as consistent in its principles as the 
architecture of the ancient Greeks, to which it was yet in 
many respects directly opposite ; and it is truly surprising to 
trace how by a continued steady progress in one constant 
direction, an originally perfect style was, through various 
stages of decline and even deepest barbarism, gradually con- 
verted, after almost twenty centuries, into another style as 
perfect as the first, yet opposite in many of its principles. 

This opposition appears stronger, the more perfect are the 
two vaiieties of Greek and Gothic which we compare. The 
better each may be of its kind, the more perfect is the con- 
trast, and the chief points of contrast are the following : 

In tb-B pure Greek, an arch was inadmissible *, in the pure 
Gothic, JL lintel or beam is equally inadmissible. In imitative 
Greek, all arches have to be disguised as beams ; in imitative 
Gothic, fill beams had to be disguised as arches. 

In the former, the props required to confine the arches 
must be concealed or disguised ; in the latter, props must 
appear, whether they are wanted or not. 

The severe unity of the Greek will not admit of scenery, 
i. e., decoji’ation behind decoration The wall behind a 
colonnade was plain, not even windows being admissible 
there. Th^ Romans advanced a step from this, allowing two 
Bystem.' of decoration together, the front system of columns 
and ev\^/abkture, the hinder of arches or windows. Tlie 
Rcav.*a esque builders carried this further, and in their latest 
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works placed arches behind arches in three or more depths. 
This was approaching the Gothic, in which style (and in winch 
alone) the pianos of decoration arc uiiliimted as to number 

Lastly, looking at the general character, the expression of 
the Greek temple is that of majestic repose ; that of the 
Goiluc is aspiring or at least growth. The first arises 

from the absence or non-perception of oblnpie pressures. 
Everything gravitates straight downwards, and its weight 
seems somehow to be rendered peculiarly visible Eiit the 
Gothic ar(*hes and gables, the tapering buttresses, the sprout- 
ing crockets and bud-like finials, the bristling pinnacles ami 
spires, all seem shooting upwards, and by their terminating 
all at different heights, seem aiming higher and higher; 
while internally the same chara(‘tcr is preserved by arch above 
arch and (‘uuopy above cauojiy, by the palm-like combination 
of shaft and vaulting ribs, and lastly, by the great prepon- 
deraiic(‘, of vertical hues over horizontal ones, both in number 
and fjiersjiectivcJ length. 

This hist circumstance has, from its simiilicity, been too 
exclusively dwelt upon, and even regarded by some as the 
Gothic principle, a distinction which it does not merit, for 
the aspiring character cannot be imparted by this alone ; and 
on the other hand, this character is possessed in the highest 
perfection by many buildings which have (in the exterior at 
leastj more numerous and extensive horizontal linos than 
vertical ones ( as is the case with Salisbury), nor do tlie 
vertical bear a greater proportion to the horizontal than in 
Grecian buildings, in wliich, owing to tlic dimimitiori of the 
columns, &c , hardly any l>)uly vertical hues occur. 

Kickman, however, made the important obsorvation, that 
in the complete G othic, mery horizontal lino moetmg a vertical 
one, either terminates or changes its direction, while the ver- 
tical continues its course unaltered In the pure Greek 
precisely the reverse takes place ; aU vertical lines are stojied 
by the first horizontal one they meet, while the horizontal 
continue ( generally without a bend ) from corner to corner 
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of tlie building. The difference; therefore, consists not so much 
in the number or extent of horizontal lines, as in the fact of 
their being unbroken in the Greek, and frequently broken in 
the Gothic. In both they are equally necessary to preserve 
the unity of the building, by tying all its parts together. 
The neglect of this, arising from the misapprehension and 
abuse of the “ vertical principle/^ as it is called, has led in 
modern times to the erection of churches so totally destitute 
of unity, as to resemble a group of cha})els of various heights 
stuck together. That this is not Gothic will appear by exam- 
ining those Gothic structures (few Indeed m number ) which 
have been ffnished in one lifetime, or after one design, and es- 
caped the unscrupulous alterations by which so many grand 
edifices have been reduced to patchwork. Sucli buildings are 
the cathedrals of Salisbury, Rlieims, Milan, Cologne, St. Ouen 
at Rouen, and the celebrated chapels at Cambridge, Windsor, 
and W estmiuster. These include all the style, and the utmost 
degrees of verticality, yet all possess perfectly that unity 
which arises from correspondence of horizontal divisions and 
features all round the building, and is as necessary in this 
style as in any other, to distingmsh a great building from a 
group of little ones. 

But the aspiring principle was liable to abuse by its inven- 
tors in the palmy days of Gothic art, as well as by their 
imitators now, though in a different manner. No sooner was 
this beautiful tendency of the style observed, than it seems 
to have become the main object of Gothic design to increase 
and push to the utmost this expression so appropriate to a 
religious edifice. It was a fiue idea to make everything in 
God^s house point heavenward ; but to the various methods 
resorted to in different countries for exaggerating this ex- 
pression, we must partly refer the gradual decline and fall 
of this wonderful style, which proceeded by different steps in 
each country, giving rise to what Professor Willis has happily 
named the different forms of After-Gothic. The Germans 
seized on the idea of growth^ and the buding and sprouting 
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exprevssion ; but perhaps the French were most successful in 
increasing the aspiring expression : • by a slight change in the 
prevailing forms of the flowing tracery, they converted the 
loops or leaves into fiamedike forms, till the Flamboyant 
buildings, appeared not vegetating, as in Germany, but 
blazing from the foundation to the bristling flnials. The 
dilference between this style of tracey and our own flowing 
style ( exemplified in the west window at York), is, that while 
the upper ends of our loops or leaves are round or simply 
pointed, i e., with fmite amghs, the upper ends in France 
terminate, like the lower, in angles of contact (tliose formed 
by two curves that have a common tangent). It was 
necessary to the leafy effect that the lower angles should be 



tangential ; but to the flame-like effect, that the ones 
should be so, even if the lower were fmite ; and hence some 
examples of flamboyant tracery, turned upside down, form a 
kind of leaf-tracery. 

Our countrymen, however, adopted a method which was 
less conducive to the aspiring expression, and which con- 
ducted them to a style less rich and certainly less varied 
than any of the other After-Gothics. 

Erroneously supposing that an abun- 
dance of vertical lines would increase 
this character, they were led to con- 
vert all the flowing lines of the window 
tracery into vertical ones, to omit the 
capitals of nearly all the smaller shafts 
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or shaftlets, thus converting what had been blank arcades 
into mere panels, and then to multiply, diminish, and extend 
these panels and endless repetition of vertical lines, over 
every part of the interior, and, in florid buildings, even of 
the exterior. 

But the Perpendicular Style may also have arisen from 
that principle of construdive umty, on which we have so much 
insisted, and according to which a style is pure and perfect 
in proportion to the exclusiveness with which a certain mode 
of construction pervades, or appears to pervade, every fea- 
ture, from the greatest to the least. In Gothic architecture 
this mode of construction is archmg, in other words the sub- 
jecting materials to compression alone, never to tension or to 
cross-strain. Hence the perfection of this style requires that 
no memljer, however short or strong, should be treated, or 
appear to be treated, as a leam. All materials must a])pear 
(as far as the eye can judge ) to be not only in equilibrium, 
but in such equilibrium as would apply to fieribk as w^ell as 
rigid bodies. Hence the apparent flexibility which every 
one notices in fine Gothic architecture ; the stone is treated 
as though it were flexible, i. e., no dependence is placed on 
its rigidity, and therefore it appears to have none. Now, in 
applying this to the chief kinds of tracery, we must remember 
that the statical conditions of a flexible Gothic arch require 
a weight concentrated on its vertex, but will not admit of 
any concentration of weight on any other point. But in the 
“ Geometrical ” tracery, the arches over the lights receive 
generally no pressures on their points, but concentrated 
pressures on certain parts of their haunches, viz., where they 
touch the circles or rosettes that seem packed into the win- 
dow-head. Such tracery, formed of a flexible sul)stant*e, 
could not keep its form. The flowing loop-tracery is an 
improvement on this, and the flamboyant still more so ; but 
in the Perpendicular Style alone do we find a complete 
recognition of the principle that the Gothic arch should be 
loaded only on its vertex. In this style alone do we find 
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tracery wliicb, if converted into a flexible materialj would 
undergo no cliange of form. 

That the perpendicular tracery was UvSed from this feeling 
rather than from false taste, will appear from that great 
type of perpendicularity, Henry the Seventh's chapel, in 
which, though the principle thoroughly })crvades every other 
part, it is not to be traced in the flying buttresses ; for here 
statical principles rather required the voiding to be eflected 
ny drehs (as in the spandrils of the Pont-y-lh'ydd and iron 
bridges), and accordingly this is done. How diflerent is the 
constructive consistency here shown, from the want of it in 
certain earlier French works, the cathedral of Orleans, for 
instance, where the window-heads are packed with rings and 
rosettes, while the flying buttresses are pierced with perpen- 
dicular archlets, concentrating all their weight on cjcrtain 
foinU of the lower curve, against all statical propriety. 

But the grand error of the Perpendicular was its intro- 
duction of a graver class of form in details than i)revailcd in 
main features. 

Another fault peculiar to the decline of the system in 
England sprung from the reduction ot ' ^ameling (originally 
an excellent constructive principle, for the economy of ma- 
terial,) to a source of ornament merely. Common sense 
tells us that a panel is a method of diminishing bulk or 
weight without diminishing superficial extent, and is there- 
fore only applicable to parts whose office depends on their 
utmt — whoso duty is to enclose or fill up spaces ; but never 
to those which have to support. Thus the spandrils of a 
bridge are proper places for paneling, but never its fms. 
The application of paneling, however, to su})ports was left 
to the very latest examples of Gothic degradation ; but for 
a long time previously, the principle was abused in the fan- 
tracery vaultitig, whose ribbing and paneling was not con- 
structive, but only decorative ; the joints occuring indis- 
criminately in the centre of a panel, or the centre of a rib. 

Other abuses overran the style in different countries; 



262 


HISTORY AND RUDIMENTS 


many (but not all ) of wliich may be referred to the change 
admirably described by Ruskin, as occuriiig everywhere at 
the culmination of the style, viz., the tht transference of attemr 
tio% from the masses (of light or shade) to the Ihm 

In Germany the chief vice was inter^pemtrationj or the 
making mouldings appear to pass through each other, instead 
of stopping each other,’*' This was at length carried to such 
extent, that no member could stop against another, but 
must seem to run through and come out on the other side, 
even though it were in consequence obliged to be cut off 
abruptly in the air, giving rise to- crossed foiling, and what 
has been called 5i{z/,w^-tracery. Moreover, that originally 
beautiful and useful member, the ogive crocketed hood, be- 
came to the German designers, what the panel was to the 
English. It overgrew everything else, till the buildings be- 
came covered with tracery, not of panels but of intersecting 
hoods, which, not confined to their three purely Gothic 
forms, the rectilinear, the concave-sided, and the reflexed or 
ogive, now ran into all imaginable shapes, which, interpene- 
trating in all directions, gave the idea of entwined plants, 
an effect increased by the innumerable crockets. 

In France, the Gothic, in its flamboyant form, seems to 
have maintained a certain degrep of purity longer than any 
where else, for the transept-fronts of Beauvais, built in 
1555, exhibit hardly any instances of Italianizing tendency. 
Strongly marked horizontal cornices, however, begin to stop 
the vertical lines, and the latest French buildings free from 
Italian details, display a style called Burgundian, with the 
same general tendencies as the English Tudor, but far less 
skilfully carried out; the arches being not only depressed but 
pointless. 

Everywhere the finishing stroke was given to expiring 
Gothicity by the return to beam and lintel construction, and 

^ Perhaps this arose from a fancy to repeat and exhibit everywhere the symbol 
of the cross. It is known that some monkish writers of that age amused them* 
selves with finding crosses in every object of nature. 
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the attempts to disguise these straight horizontal forms into 
the seiublaiice of depressed arches. The loss of cmstmctivt 
unily, the return to universally wiced construction, (as in the 
Ante-Gothic ages,) completed the downfall of this, as it had 
before coniphded the downfall of the antique system. 

In one iH^sjmet, however, the fall of the Gothic architecture 
perhaps iliil'ered from that of the Classic, and was more 
complete. It wms a fall out of which nothing could he 
expccled to arise,— a full not of a style or system merely, 
hut in a e.(irtain scmse., of the entire art. It wms the end of 
a progniss in oms constant direction, which had run through 
the whole history of Euroi)eau architecture, quite indepen- 
dently of the changes from style to style— uirnffectcd hy 'thc 
Romanes(|uo dehasement of the art or its Gothic renovation. 
This was the progress from mafrnUmh to mulHlmk. Though 
twice attaining constructive and decorative InUk, it is olr- 
vious that the apparatus of the art, in its second complete 
phase, consisted of diminished and multipli(al derivatives from 
the chief structural memhers (»f its first phase. The iirocoss 
could ho carried no further : comiilication had reached its 
limit,— in the finite divisibility of the material,— in the finite 
capacity of man,— and the finishers of those piles should 
have inscribed on them, " Arcldle.dwre is finished; hmcefudh 
he content to copy” 

The Gothic system fell by its own inherent principles of 
decay, and left the field vacant before the perceived absence 
of true architecture rendered the importation of a new system 
necessary. Imitations of the grotesque must be carefully 
guarded against being classed with the pure Gothic. 

Post-Gothio AncniTKOTUEE. — Coeval with the last great 
transition of human society: from the invention of printing 
dates the fall of Gothic art. 

The present Florentine is the Doric style of modern palar 
tial or domestic architecture. 

Venice, the luxurious mistress of the Adriatic, like its pro- 

22 
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type the Corinthian of old, has superseded its rivals, having 
been till within the last few years the general model tp the 
architecture of all trans-alpine Europe. Its aim was splen- 
dor, variety, luxury and ornament. Intermediate between 
these two schools arose the modern Roman. 

The English school was founded on the Venetian. 

In Florence, mere eye-pleasure is foregone, variety denied, 
monotony endured for the sake of grandeur, and the higher 
objects of the art. 

In Venice, the higher excellences are sacrificed to the 
lower ; true grandeur, to pompous effect ; intellectual sense 
of fitness, to mere eumorphic beauty ; the mind, to the eye ; 
self-concealing art, to self-displaying art. 

To describe the schools more technically, or with regard 
to rules rather than principles, — ^the Florentine is mostly as- 
tylar, the style of fenestration and rustic groins ; the Ro- 
man the style of pilasters ; the Venetian, that of columns. 
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CO^NOLUDING- REMARKS. 


Among the few, then, that eiiVust on the side of Truth, and 
resolutely engage in this })erpetiuil conflict against false; 
against popular, against national taste, it must ever be borne 
in mind, first, that them is no suhslikde for thonghL All the 
pomhu’ous tomes of examples, specimens, from Adams 
and Stuart downwards, have been intended, or received, fox 
this imrpose ; and, as such, arc not only totally worthless, 
but extremely prejudicial ; though invaluable as materials 
for analysis, free criticism, and search into jirinciples, — for 
which purposes they have never yet been used. 

NotJdng can mcrease I, he value of a design, which does not iu" 
crease the labor of the designer, (by designer I do not mean 
draughtsman. J Boery reference to ^precedmt should do this, and 
will do so with every true artist. But the false artist refers to 
precedent, to save himself trouble ; that is, to cheat his em- 
ployers, by diminishing the value of his work, without di- 
minishing its apparent value. 

II. Novelty-hunting, and the false use of precedent, are 
the Scylla and Oharybdis between which, the many, and the 
architects of the many, are forever destined to be wrecked. 
It is possible, however, to fall into both at once. 

That nothing is beautiful which is without motive, most 
of the thinking will admit ; yet it is necessary to add, that 
novelty and antiquity are no admissible motives. But though 
age affords no reason whatever for the adoption of any thing, 
it gives every reason for its examination and study. 

III. We cannot too strongly instil into the reader, that 
while novelty is in itself neither a beanty nor a fault, but to- 
tally immaterial, — mvelty sought for its own sake is the des- 
truction of art. The end of art is truth. The instant it 
proposes any other aim, (be it novdty, or to “ catch the 
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spirit” of a particular time or place, L c., mimicry^ or any 
other fancy, J it ceases to be art ; and what is not art, is not 
architecture. Aim at catching the spirit of all true archi- 
tecture, not that of any one style, — still less, of a notorious- 
ly false, style. 

lY. If, as we have also endeayored to instil, the main 
distinction between artists is, that some strive to put as 
much thought as possible into a given work, and others to 
do that work with as little thought as possible, — then, if 
one of these principles be art, it follows that the other is not 
merely its absence, but its opposite , — not a mere negation, 
but an active principle, for which, finding no name used, I 
would propose the tQxm anti-art.^ 

A very small portion of anti-art peeping out, is enough to 
destroy all our pleasure in a work of art. Witness tlie pots 
and cowls that finish the sky-line of most of our piles of 
architecture. A foreigner would think this nation bankrupt, 
to judge by the innumerable public buildings standing unfi- 
nished, covered with these hideous make-shifts. 

Y. The highest beauty is fitness. Therefore, when you 
see a thing highly beautiful, beware of copying it till after 
mature study ; for the more beautiful {i. e., the fitter) it 
may be in its situation, the less likely to be fit {i. e., beauti- 
ful) in any other. 

Those who wonder why architects often condemn what 
other persons of good taste admire, seem to forget that the 
latter cannot distinguish what belongs to the designer, from 
what belongs to the theory of his art as he found it, and 

* Here is the simplest instance I can find, which will display the two principles. 
Tne reader knows the old established way of cutting the stones of an arch in ruhti- 
cated masonry, each stone presenting a five-sided face: well, two other modes have 
lately been adopted, each making the faces of the stones four-sided. In one, the 
■voussoirs are alternately long and short, like battlements ; in the other, their ex- 
trados is cut to a regular curve. Persons of taste, however, prefer the old method, 
but without knowing why. Now I will tell you why. Just sketch the three on 
paper, and you will perceive that the old is (»y far the most troublesome to design, 
yet gives the least work to the mason; having fewest oblique joints Thought is 
expended to save manual labor. But in both the new modes, mental labor is saved 
at tbe expense of the manual. The first is oH, the others cmH-mik 
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wliicli not only the true artist learns, but even the most ig- 
norant falls ioitOj as we inevitably fall into the habits of 
those around us. But the eye of an architect has acquired 
the power of instantly separating these two parts of the de- 
sign, setting aside the one as a mere matter of routine, but 
singling out and fixing itself on whatever is the designer^ 
jwn. Now, if we perceive that all the beauty, — all the 
truth in the building, belongs to the former portion ; that 

atever belongs to the designer, whatever is new, — is falsOj 
— IS adopted eitlier for novelty, or to save thought, or for 
affectation, or for anti-art, we condemn the work, and just- 
ly : for what avails it to have been correct as faj’ as rules 
and pr (‘.cedent would apjdy, iil wherever he has acted for him- 
self he has sinned ? What avails it to have rei)eated truly 
the 990 words for which he could find authority, if tlie lO' 
which he was obliged to add arc all false ? It is tlieso ten 
dom that show whether lie is an artist or not ; and tluise 
things, though small, and escaping the casual glance of the* 
public, glare to our eyes as huge blots, totally defacing the 
routine beauty ; tliough that may form the major portion of 
the work, and may cause the uninformed to regard it as 
pleasing on the whole. 

Beware of mistaking this on the whole, for as a whole. Sir 
Joshua Beynolds observes, that ‘"the totally ignorant be- 
holder, like the ignorant artist, cannot compr(ihend a whole,, 
nor even what it means.’’ When such speak of the effect 
as a. whole, they mean on the whok. The effect to them ia 
pleasing, if it contain a majority of pleasing parts. 

Such are now the most influential judges of art. By a 
singular inconsistency, those who constantly profess to be no 
judges, are really the style-formers. They say, We know 
nothing of the art, but we know what pleases us.” But 
what does this assume ? Plainly, that the art is intended to 
please Ihem. This is the grand art-destroying error. No 
true art is, or ever was, meant to please the many, but ta 
teach them when to be pleased. 
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In limiting, we fear, the number of true artists, it must 
be remembered that one may be a true artist without being 
a master, or any thing like one. The dilferenceis this: most 
buildings are so transparent, that we look at their front, and 
see through to the back of the designer's mind. According 
to tbe proportions we see of thought-spending or thought-sav- 
ing spirit, so we admire or condemn ; and when we can dis- 
cern no self-sparing, no anti-art, we pronounce the work 
'purely elegant ; but not necessarily masterly. The work of a 
master is equally or even more transparent ; but though the 
eye pierce deeper, and perhaps find more faults, it cannot 
reach the bottom. Admire as much as we may, we perceive 
that there is more beyond, left unadmired. 

The few principles which we have endeavored to elicit or 
explain in this volume, have been arranged in an upward 
progression, from narrow and particular, to wider and more 
general ones. We first tried to distinguish the difteren+ 
grades of beauty in building, and assign them their true re- 
lative ranks. Thus color, whose laws of harmony are purely 
physical, came before uniformity, which appears sometimes 
addressed to the sense, and sometimes to the mind. Beauty 
of outline, being wholly addressed to the mind, though per- 
haps to its lowest faculties, came next, and was traced to 
the union of unity and variety, which union is to be efiected 
in two ways, — ^by gradation, and by contrast. Proceeding, 
then, from unmeaning beauty to that which is distinguishable 
into classes, . we showed that its two opposite characters — 
grandeur and elegance — depended on the comparative preva- 
lence of these two principles — contrast and gradation. Ac- 
cording to the relative proportions of these, we divided all 
possible forms into five classes, and insisted on the obser- 
vance of the natural disposition and subordination of these 
classes one to another, as practised in all the pure and ad- 
mired styles. This we regard as the most important princh 
pie in mere gemmtrio design^ apart from constructive and 
< other fitness. 
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We fhen considered the two cognate qualities of sublimity 
and pioturesqueuess, referring the former chiefly to, 1. The 
prevalence of contrast, and rarity or absence of gradation ; 

2. The expression of mechanical power in the construction ; 

3. The principle by painters called brecidlA, i. e,, the collection 
of every thing or quality into great unbroken accumulations ; 

4. A quality we called depthj the reverse of flatness or shah 
lowness. On the diflicult vsubjcct of picturesqueness, we sim- 
ply gave the notions of Riiskin, that it arises from the same 
qualities that would be sublime in the subject itself, attach- 
ing themselves not to its essence, but to some aedde^U, as 
light and shade, color, situation, state of decay, &c. 

Wc next considered how nature should, be imitated, with 
generalization, i. c., by taking all possible objects that have 
the character we want to give, extracting all that they have 
in' common, and rejecting what is peculiar to each. We in- 
sisted on the same method as necessary in the imitation of 
masters, styles, and manners ; and endeavored to distinguish 
between true and false imitation, or copyism. Another kind 
of false imitation, viz., deception, was then considered ; the 
grievous error of regarding it as an object of art, the total 
destruction thereby fallen on popular art, and the great 
caution necessary for the thoughtful, who would escape this 
defilement. Connected with this, we endeavor to enforce 
constructive truth, or the non-disguise of the real statical ])rin- 
ciples of the construction ; and lastly (a princiifle hitherto 
totally neglected by the moderns,) constructive unity, or the 
consistent adherence to one statical method throughout a 
building. 

The two short reviews of the “ pure styles^^ afford the 
reader particular instances and modifications of these prin- 
ciples, and perhaps of some higher ones. 

Pure architecture, then, may be regarded as consisting in 
the combination of constructive and decorative Truth, in 
their widest sense, or of constructive and decorative PNiTy. 

This union was anciently sought by all nations, — attained 
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Ij the Greeks alone, — dissolved by the Romani introductioD 
of the arch, — gradually lost by the increasing adinixtiirc ot 
that constructive principle, — restored by its total adoption, 
to the exclusion of all other apparent construction, — and a 
second time lost by the increase of tensile construction and 
the indiscriminate mixture of all constructive methods. 

Since this second degradation of the art, however, many 
great artists have lived, cs])ccially in Italy, a country wliich 
has never attained a system of constructive unity. For, ex- 
cept the pseudo-Greek buildings of tlie empire, and the 
pseudo-Gothic pile of Milan cathedral, with a few other 
exotic importations, it has never seen a building possessing 
even the appearance of constructive unity. Such a country 
is that in wdiich we might look for the development of a stvlc 
suitable to the mixed construction practised for the last three 
centuries ; and, accordingly, in that country, such a stvle 
did, after many ages of unsuccessful efforts, at length appear, 
under the constellation of artists that adorned the fifteenth 
and sixteenth centuries. The sy^stem then developed was a 
7iew one, though composed of classic details. It affords more 
scope for variety in general arrangement than eitlicr of the 
pure systems, — certainly more than any impure ones ; and it 
])Ossesses a pliancy that may be bent to all the purposes 
probably that can ever be required in buildings of mixed 
construction. As long as such construction prevails, we may 
safely predict the continued prevalence of this architecture 
among the thinking. 

But the two pure systems, perhaps it will be said, are 
things too good ever to be entirely given up. If so, far more 
are they too good to be abused and caricatured. If they are 
worth copying at all, they are worth copying completely ; 
and this can never he done but by copying their conshuctim 
as well as their decoration. If modern habits or means will 
not permit this, they will not permit the old style, Coimi 
the cost, therefore. .If you want to imitate the archless 
style, yonr building must be archless, or a huge lie. If yot 
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imitate the beamless style, it must be beamless ; and every 
uriTaultcd building, ancient or modern, that apes this style, 
is a motiveless and unmeaning sham. 

Not less preposterous than the attempt to revive chad 
styles, is the requirement to invent, for ordinal’} buildings, a 
new one. As long as we have no new stylo in coiistriKdion, 
we can have none in architecture ; but if we call the mixed 
construction a new kind, wc /mrc a new style adapted to it, 
— a modern, a living style ; the growth of inod('ru ciKiiim 
stances and of the existing modes of construction : — new, 
moreover, inasmuch as wc are only on tlic threshold oi‘ its 
possible combinations and varieties, far more inexluiustible 
than those of either of the pure systems. In this country 
particularly, the beauties of the modern architecture are 
hardly known, nor can it be said to have ever had a fair trial, 
or indeed any trial in more than one or two classes of build- 
ings.* It would be ridiculous self-conceit in an architect, to 
pretend wilfully to go back and try to solve anew that which 
has been already solved, and only by the succession of a long 
^ line of great artists. He can never hope to overtake them 
with such a start in their favor ; while by commencing from 
the point they reached, the poorest talents may advance 
beyond them. 

But while no inventive architect would wish for a new 
style, convinced that there is far more scope for variety and 
new combination in one already enriched with the accumulated 
genius of three centuries ; it is certain that, in anotluir point 
of view, a new style is indispensable. There is a class of 
buildings tending towards a new style of construction, — be- 
coming less mixed in this respect, — and approaching a con- 
sistent use of tensile covering to the exclusion of every other. 

^ '.Vhat are calletl classic cliurclieB, for instance, are for the most part, mere 
anti-art, no more Classic than they are Chinese Wren had no opportunity of 
erecting a handsome parish church. His pnpUs fell either into littleness or 
Borominian corniption ; and since their time, there have only been hole-in-the- 
wall preaching rooms, — sham temples, — and now pseudo-Gothicesquo 1)arnH, copies 
of copies by medimval vOlage masons. England does not possess a modern churok 
in the modern style. 
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To this third system of constructive unity, there is no old 
style adapted. N one was invented for it. It is a new thing, 
and its treatment must be new, — new, because subject to old 
principles ; and to be effected only by a patient search into 
those old principles. Let us not mistake what we have to do. 
It is that which has been done only twice before ; in the time 
of Doras, and in the thirteenth century. We must carefully 
attend to the modes by which it was effected on both those 
occasions. On the first it was done most perfectly. There 
was the least to do. There was no lumber of a rotten system 
to sweep away. There was falsehood indeed to rectify, but 
it was only decorative, not constructive, and probably un- 
backed by prejudices and precedent. The second purification 
was less complete, but more like, in circumstances, to that 
now required. Its grand impediments were prejudices in 
favor of old but useless forms, and against an useful member 
(the buttress,), under the notion that it was unarchiteetural. 
So is it now. The method of tying buildings together, (said 
Wren,) instead of giving the arches, &c., sufficient butment, 
is contrary to the principles of sound architecture. Yes, 
contrary to the only two systems of architecture known to 
him or to us, but not therefore contrary to all possible 
systems. A Greek would have condemned thus the method 
of wedging stones together by lateral pressure ; and after 
this method was introduced and used in all buildings, it was 
fifteen centuries before architects could be brought to admit 
the appearance of this lateral pressure. For a still longdV 
period has tension been a principle of building, and yet not 
of architecture ; much longer has the tie been struggling for 
admission, and been refused. As nothing was effected to- 
wards the development of the second system till the arch 
covering became universal, — ^till a building became beamless : 
so can no advance toward the third be expected till thiw 
constructive principle becomes universal, in the widest cover- 
ing and in the narrowest, — till a building be erected both 
without lintel and without butmmt 
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If the retaining of useless entablatures after their office 
was superseded by the arch, was a falsehood and a hindrance 
necessary to be swept away before any progress could be 
effected, — have we not a perfect parallel in the retaining of 
useless buttresses after their duty has been superseded by the 
tie ? 

There is, among other art-destroying fallacies, a notion 
now prevalent, that architectural styles spring up of them- 
selves, and that if we wait long enough, in process of time a 
new one may grow up, we know not how, A new railway 
is more likely to grow up. Decorative manTiers, fashiems, are 
not to be confounded with a new style, still less with a new 
system, such as the two, the only two, that possess con- 
structive and decorative unity. Yet even a new fashion does 
not come unsought, — without search after novdiy. Far less 
can an architectural system arise but by an earnest and 
rightly directed search after truth. For five thousand years 
have all the nations beyond the radius of Greek influence 
sought a true system of beam architecture, and never found 
it. For fifteen centuries did Europeans use the ahch, and 
seek a system of arch architecture, before they found it. For 
a much longer time have Arabs, Turks, Chinese, sought the 
same, and never attained it. For twenty centuries did the 
Italians practise mixed construction, and seek a system 
thereof, before they attained it. Let ns not deceive ourselves : 
a style never grow of itself ; it never will It mus^ be sought, 
and sought the right way. We may blunder on in a wrong 
path forever, and get no nearer the goal. 

A new style requires the generalized imitation of nature 
and of maivy previous styles ; and a new system requires, in 
addition to this (as Professor Whewell has remarked), the 
binding of all together by a new principle of mity, clearly 
understood, agreed upon,- and kept constantly in view. Con- 
structive statics affords three such principles, — the depressile, 
the coMPRBSSiLE, and the tensile methods, — ^the herni — the 
(ircA— the truss; of which the two former have been made 



264 


HISTORY AND RUDIMHNTS 


tlie bases of past systems : the third is ours, to be used ir.- 
the same manner. 

Such I believe to be the problem Truth propounds to the 
architects of the present time ; but its solution will be found 
utterly hopeless, as long as we indulge any hankering after 
novelty for its own sake ; any mean disposition to follow in- 
stead of correcting popular taste - and above all, let none 
dare attempt it till we have engraved on our compasses a 
hacknied sentence, but one which I suspect to contain nearly 
the whole theory of art, — seek not to seem what you 

WOULD BE, BUT TO BE WHAT YOU WOULD SEEM. 





A.NOIENT MONUMENTS OP GEEECE 


Every one can understand the regret witli whicli we 
behold the remains of ancient grandeur, and the capitals os 
buried empires. This feeling, so profound in Jerusalem and 
Rome, is even more so in Athens, — 

“ the eye of Greece, mother of arts 
And eloquence, native to famoirs wits, 

Or hospitable — 

a city never so large as ITew York, but whose inhabitants 
produced within the short space of two centuries, reckoning 
from the battle of Marathon, as Landor says, a larger number 
of exquisite models, in war, philosophy, patriotism, oratory, 
and poetry — in the semi-mechanical arts which accompany 
or follow them, sculpture and painting — and in the first of 
the mechanical, architecture^ than the remainder of Europe 
in six thousand years. 

The monuments of antiquity which still exist in Athens 
have been described by Chandler, Clarke, Cell, Stuart, Dod- 
well, Leake, and other travellers, the most recent and com- 
petent of whom perhaps is Mr. Henry Cook, of London, 
author of Illustrations of a Tout in the Ionian Islands, 
0-reece^ and Constantinople^ who has just made for the 
Art-Journal a series of drawings of those which are most 
important, representing them in their present condition. 
These drawings by Mr. Cook, we have partially repro- 
duced ill the present volume, making liberal use at the same 
time of I'is descriptions. 

Until the sacrilegious hand of the late Lord Elgin despoiled 
Athens of “what Goth, and Turk, and Time had spared,’^ 
the world could still see enough to render possible a just 
23 
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impression of her old and chaste magnificence. It is painful 
to reflect within how comparatively short a period the chief 
injuries have been inflicted on such buildings as the Parlhenorj 
and the temple of Jupiter Olympus, and to remember liow 
recent is the greater part of the rubbish by which these edifices 
have been choked up, mutilated, and concealed. Probably 
until within a very few centuries, time had been simply and 
alone the ‘‘beautifier of the dead,” “ adorner of the ruin” 
and, but for the vandalism of a few barbarians, we might 
have gazed on the remains of former greatness without an 
emotion except of admiration for the genius by which they were 
created. The salient feature (probably the only one) in the 
present rule at Athens is one which affords the highest satis- 
faction to those interested in this subject. Slowly, indeed, 
and with an absence of all energy, is going on the restora- 
tion of some, the disinterment of others, and the conserva- 
tion of all the existing monuments ; and time will probably 
ere long give us back, so far as is possible, all that the van- 
dalism or recklessness of modern ages has obscured or 
destroyed. On the Acropolis the results of these efforts at 
restoration are chiefly visible; day by day the debris of 
ruined fortifications, of Turkish batteries, mosques, and maga- 
zines, are disappearing ; every thing which is not Peutelic 
marble finds its way over the steep sides of the fortress, and 
in due time nothing will be left but the scattered fragments 
which really belonged to the ancient temples. The details,” 
says Mr. Cook, “ of the partial destruction of this old fortress — 
founded 1556 years before the advent of the Saviour — uiidei 
the fire of the Venetians, commanded by Morosini, are so well 
known, that I have thought it unnecessary to repeat them ; but 
it is impossible to recall them without a shudder, as the reflec- 
tion is forced on one, of what must have been their fate whose 
wickedness caused an explosion which could scatter, as a 
horse’s hbof may the sands of the sea-shore, the giant masses 
which for ever bear witness to the power of that mighty 
agent we have evoked from the earth for our mutual destruc- 
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tion.” At the west end of the. Acropolis, by which alone it 
was accessible, stood the Propylaea, its gate as well as its 
defence. ^ Through this gate the periodical processions of the 
Panathenaic jubilee were wont to move, and the marks of 
chariot wheels are still visible on the stone floor of its 
entrance. It was of the Doric order, and its right wing was 
supported by six fluted columns, each five feet in diameter, 
twenty-nine in height, and seven in their intercolumniation. 

Here perhaps the chief work has been accomplished ; all the 
now detached columns were built up with solid brickwork, 
batteries were erected on the spot occupied by the Temple 
of ‘Victory without wings,’ and on the square which 
answered to it on the opposite side of the flight of marble 
steps ; the whole of which were deeply buried (not until they 
had severely suffered), beneath the ruins of the fortification 
which crumbled away under the Venetian guns. These 
walls have been removed, the batteries destroyed, and the 
material of which they were composed taken away ; the 
steps exhumed, and the five grand entrances, by which the 
fortress was originally entered, opened, although not yet 
rendered passable. It would be, I imagine, impossible to 
conceive an approach more magnificent than this must have 
been. The whole is on such a superb scale, the design, in 
its union of simplicity and grandeur, is so perfect, the 
material so exquisite, and the view which one has from it of 
the Parthenon and the Erechtheum so beautiful, that no 
interest less intense than that which belongs to these temples 
would be sufficient to entice the stranger from its contem- 
plation.” 

On the right wing of the Propylaea stood the temple of 
Victory, and on the left was a building decorated with 
paintings by the pencil of Polygnotus, of which Pausanias 
has left us an account. In a part of the wall still remaining 
there are fragments of excellent designs in basso-relievo, 
representing the combat of the Athenians with the Amazons ; 
besides six columns, white as snow, and of the finest, architec* 
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ture. Near the Prop57lsea stood the celebrated colossal 
statue of Minerva, executed by Pihdias after the battle of 
Marathon, the height of which, including the pedestal, was 
sixty feet. 

The chief glory of the Acropolis was the Parthenon, or 
tenaple of Minerva. It was a peripteral octostyle, of the 
Doric order, with seventeen columns on the sides, each six 
feet two inches in diameter at the base, and thirty-tour feet 
in beight, elevated on three steps. Its height, from the base 
of the pediments, was sixty-five feet, and the dimensions of 
the area two hundred and thirty-three feet, by one hundred 
and two. The eastern pediment was adorned with two 
groups of statues, one of which represented the birth of 
Minerva, the other the contest of Minerva with Neptune for 
the government of Athens, On the metopes was sculptured 
the battle of the Centaurs with the Lapithse ; and the frieze 
contained a representation of the Panathenaic festivals. 
Ictinus, Callicrates, and Carpion, were the architects of 
this temple; Phidias was the artist; and its entire cost has 
been estimated at seven million and a half of dollars. Of 
this building, eight columns of the eastern front and several 
of the lateral colonnades are still standing. Of the frontis- 
piece, which represented the contest of Neptune and Minerva, 
nothing remains hut the head of a sea-horse and the figures 
of two women without heads. The combat of the Centaurs 
and Lapithie is in better preservation ; but of the numerous 
statues with which this temple was enriched, that of Adrian 
alone remains. The Parthenon, however, dilapidated as n 
is, still retains an air of inexpressible grandeur and sublimity ; 
and it forms at once the highest point in Athens, and the 
centre of the Acropolis. 

To stand at the eastern wall of the Acropolis, and gaze on 
the Parthenon, robed in the rich colors by which time has 
added an almost voluptuous beauty to its perfect proportions 
— to behold between its columns the blue mountains of the 
Morea, and the bluer seas of Egina and Salamis, with acan* 
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clius-covered or ivy - wedded fragments of majestic friezes, and 
mighty capitals at your feet — the sky of Greece, flooded by 
the gorgeous hues of sunset, above your head — Mr. Cook 
describes as one of the highest enjoyments the world can 
offer to a m in of taste. He is oi)posed to the projects of its 
restoration, and says that, “ to real lovers of the picturesque, 
liie Parthenon as it now stands — a ruin in every sense of 
the term, its walls destroyed, its colimms shivered, its friezes 
scattered, its capitals half-buried by their own weight, but 
clear of all else — is, if not a grander, assuredly a more im- 
pressive object than when, in the palmiest days of Atheniair 
glory, its marble, pure as tlie unfallen snow, first met the 
rays of the morning sun, and excited the reverential admira- 
tion of the assembled multitudes.” 

On the northeast side of the Parthenon stood the Erech- 
theum, a temple dedicated to the joint worship of JNTeptuno 
and Minerva. There are considerable remains of this huild- 
ing, particularly those beautiful female figure^ called Cary- 
atides, which support, instead of columns, three of the porti- 
coes ; besides three of the columns in the north liexastylo 
with the roof over these last columns. The rest of the roof 
of this graceful portico fell during the siege of Athens, in 
182 Y. Lately much has bi^en done in the way of excavation ; 
the buried base of this tripartite temple has been cleared ; 
the walls, which had been built to make it habitable, have 
been removed ; the abducted Caryatid replaced by a modern 
copy, the gift of Lord Guildford, and the whole prepared tor 
a projected restoration. 

The Temple of Victory without wings, already mentioned, 
is, with the exception of the pavement, entirely a restoration ; 
for nearly two centuries all trace of it was lost, all mention 
omitted. In removing one of the Turkish batteries, in order 
to clear tbe entrance to the Propylsea, some fragments were 
found which led to a more minute investigation ; and, after 
a short time, the foundation, the pavement, and even the 
bases of some of the columns were disinterred, making its 
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recoastniction not only very easy, but extremely satislau^tory 
It is small, but of exquisite proportions, and now perfect, 
witli the exception of a portion of the frieze, which is in the 
British Museum. A peculiarity of this temple is, that it 
stands at an angle slightly differing from that of the Propy- 
laea itself, — a fact for which, as it clearly formed one of the 
chief ornaments to, and was certainly built after, this noble 
portico, it is difficult to assign any very good reason. 

Such is an outline of the chief buildings of the Acropolis, 
which, in its best days, had four distinct characters ; being 
at once the fortress, the sacred inclosure, the treasury, and 
the museum of art, of the Athenian nation. It was an entire 
offering to the deity, unrivalled in richness and splendor ; it 
was the peerless gem of Greece, the glory and the pride of 
genius, the wonder and envy of the world. 

Beneath the southern wall of the Acropolis, near its extre- 
mity, was situated the Athenian or Dionysiac theatre. Its 
seats, rising one above another, were out out of the sloping rock. 
Of these, only the two highest rows are now visible, the rest 
being concealed by an accumulation of soil, the removal of 
which would probably bring to light the whole shell of the 
theatre. Plato affirms it was capable of containing thirty 
thousand persons. It contained statues of all the great 
tragic and comic poets, the most conspicuous of which were 
naturally those of ^schylus, Sophocles, and Euripides, 
among the former, and those of Aristophanes and Menander 
among the latter. On the southwest side of the Acropolis is 
the site of the Odeum, or musical theatre of Herodes Atticus, 
named by him the theatre of Eegilla, in honor of his wife. 
On the northeast side of the Acropolis stood the Prytaneum, 
where citizens who had rendered services to the state were 
maintained at the public expense. Extending southwards 
from the site of the Prytaneum, ran the street to which 
Pausanias gave the name of Tripods, from its containing a 
number of small temples or edifices crowded with tripods, to 
commemorate the triumphs gained by the Choragi in the 
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theatre of Bacchus. Opposite to the west end of the Acro- 
polis is the Areopagus, or hill of Mars, on the eastern ex- 
tremity of which was situated the celebrated court of the 
Areopagus. This point is reached by means of sixteen 
stone steps cut in the i^ck, immediately above which is a 
bench of stone, forming three sides of a quadrangle, like a 
triclinium, generally supposed to have been the tribunal. 
The ruins of a small chapel consecrated to St. Dionysius the 
Areopagite, and commemorating his conversion by St. Paul, 
are here visible. About a quarter of a mile southwest froiii 
the centre of tlui Areopagus stands Pnyx^ the place piovided 
for the public assefnblies at Athens in its palmy days. The 
steps by which the speaker mounted the rostrum, and a tier 
of three seats hewn in the solid rock for the audience, are 
still visible. This is perhaps the most interesting spot in 
Athens to the lovers of Grecian genius, being associated with 
the renown of Demosthenes, and the other famed Athenian 
orators, 


“ whose resistless eloquence 
Wielded at will that fierce democratie, 

Shook the arsenal, and fuhmned over Greece, 

To Macedon, and Artaxerxea’ throne.” 

Descending the Acropolis, the eye is at once arrested by 
the magnificent remains of the temple of Jupiter Olympus, 
and by the Arch of Hadrian. Whether from its proximity 
to the gorgeous monument first named, or that it is intrinsi- 
cally deficient in that species of merit which appeals directly 
to the senses, the Arch of Hadrian attracts comparatively 
little notice. It is, however, a highly interesting monument, 
bearing unmistakable marks of the decline of art; yet dis- 
tinguished for much of that quality of beauty which gives so 
peculiar a character to the architecture of the Greeks. The 
inscriptions on the sides of the entablature haye given rise to 
much learned discussion, and have led to a far more lucid 
arrangement of the city and its chief ornaments, than would 
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in all probability have been accomplished, had not inquirv 
and investigation been spurred on by the difficulty of com- 
prehending their exact meaning. 

Of two views of the temple of Jupiter Olympus, Mr. Cook 
chose that in which the Acropolis is seen in the distance. 
The three lofty Corinthian columns in the other engraving 
are diminished in the scale of the arch, while the Acropolis, 
from its greater complexity of parts, adds, perhaps, somel.hing 
of a quality in which the subject Is rather wanting. “ I am 
not sure,” says Mr. Cook, “ that the remains of the temple of 
Jupiter Olympus are not the most impressive which Athens 
offers to the eye and heart of the travel l(^r, partly from their 
abstract grandeur — a grandeur derived from every element 
which could contribute to such an end — and partly from a 
position than which it would be impossible to conceive any 
thing more magnificent. The gigantic columns struck me 
with a sense of awe and bewilderment, almost oppressive ; 
they consist, as may be seen by the engraving, of sixteen, 
the sole representatives of the one hundred and twenty which 
once formed this mightiest of Athenian temples. The least 
thoughtful person could scarcely avoid the question of where 
and how the remaining one hundred and four of these enor- 
mous masses can have vanished ; and assisted by the fullest 
information which is to be acquired on the subject, it remains 
a matter of wonder to all. That time itself has had but little 
to answer for, the almost perfect preservation of portions is 
sufficient to prove ; in some cases the flutings are as sharp 
and clean as when the hand of the sculptor left them, while, 
more generally, they bear disgraceful evidence of ill-usage of 
every kind, from that of the cannon ball to the petty mis- 
chief of wanton idleness. The proportion of these columns 
is quite perfect, and the mind is lost in charmed wonder, as 
wandering from part to part of the vast platform, it is pre- 
sented at every step with combinations perpetually changing, 
yet always beautiful. So difficult do I find it to determine 
from what point of view these ruins are seen to the greatest 
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advantage, that I have appended two engravings, from 
which the reader may select that which best conveys to him 
the magnificence of the structure which has been thus 
slightly described.” The temple of Jupiter Olympus was 
one of the first conceived, and the last executed of the sacred 
monuments of Athens. It was begun by Pisistratus, but not 
finished till the time of the Eoman emperor Adrian, seven 
hundred yeais afterwards 

A proof of the varied character of the Athenian architec- 
tural genius may be found in the exquisite mode), the 
lantern of Demosthenes, or, as it is more properly called, the 
Choragic monument of Lysicrates. It is, in common with 
the greater number of tbe remains of wbicb we speak, of 
Pentelic marble. By whomever conceived, designed, or exe- 
cuted, this must have been a labor of love, and the result is 
such as might be anticipated from the consequent develop- 
ment of the highest powers of one to whom a people like 
the Athenians would entrust the task of doing honor to* 
those who had paid to their native land a similar tribute.. 
It is small, and foimed of a few immense masses : the roof is 
one entire block; the temple or moniiraent itself is circular,, 
and is formed of six slabs of pure white marble, the joints of 
which are concealed by an equal number of beautiful Corin- 
thian columns partly imbedded into, and partly projecting, 
from them. These have been fitted with such exactness, 
that before the “fretting hand of time and change’^ had done 
its work, the whole must have appeared as if cut from one solid 
mass. We have this single example of a class of buildiuga 
once so numerous that they formed an entire street; but 
however grateful one may feel to the hospice, which, being 
built over, protected it from tbe ruin of its companions, we 
can scarcely regret its disappearance, through which alone 
tliis exquisite result of intellect and refined taste may be seen* 
as represented in the engraving. 

The Temple or Tower of the Winds,, has been very justly 
termed “ the most curious existing monument of the practh 
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cal gnoTDonics of antiquity.” In arcliitecture- no very 
elevated rank can be assigned to this edifice, nor is there, even 
in its ornamental portions, any very remarkable evidence of 
the higher order of Grecian art; the execution, indeed, can 
in nowise be considered equal to the conception, which, if 
somewhat fancifully elaborated, is at least highly to be 
esteemed, as uniting in a more than ordinary degree the 
practically useful with the poetical ideal. Near .the new 
Agora, and consequently in the heart of the more densely 
populated division of the city, this indicator of the wind and 
hour must have been a valuable contribution to the Atheni- 
ans, and must have given to its founder, Andronicus Gyrres- 
tes, a proud position among the hene merenti of the moment. 
Its form is octagonal, the roof being of marble, so cut as to 
represent tiles ; upon the upper portion of each face is sculp- 
tured the figure of one of the eight Winds ; these floating in 
an almost horizontal position convey, either by their dress, 
the emblems which they bear, or the expression of their 
features, the character of the wind they are respectively 
intended to personify. Within a very recent period this 
building, which was more than half buried, has been ex- 
humed, and many important facts have been discovered 
during the process of excavation. The interior has been 
cleared, and in the pavement may be seen the channels by 
which the water was conveyed to the machinery by w’hose 
agency the hour was indicated, when the absence of the sun 
rendered the dials described upon the marble faces of the 
tower of no avail. These dials have been tested and pro- 
nounced perfectly correct, 'by a no less celebrated authority 
than Delambre. The two arches on the left; of the illustra- 
tion are the only remaining portions of the aqueduct by 
which the necessary supply, was conveyed, according to 
Stuart from the spring in the grotto of Pan ; it is a matter 
of gratulation alike to the antiquarian and the lover of the 
picturesque, that these have been spared. From the amounr 
of excavation necessary to arrive at its basement, it is clea? 
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that this porcion of the town must have been raised, by ruins 
and atmospheric deposits, at least eight or nine feet above 
its original level. 

The temple of Theseus, apart from the present town, and 
in a comparatively elevated and isolated position, built by 
Cimon, shortly after the battle of Salarais, is one of the 
most noble remains of the ancient magnificence of Athens, 
and the most perfect, if not the most beautiful, existing 
specimen of Grecian architecture. It is built of Pentelic 
marble; the roof, friezes, and corniceKS, still remain; and so 
gently has the hand of time pressed upon this venerable 
edifice, that the first impression of the mind in beholding it, 
is doubt of its antiquity. It was raised thirty years before 
the Parthenon, unlike which it appears to have been but 
sparingly supplied with sculptural decoration; but that 
which was so dedicated was of the highest merit, and 
remaining in an almost perfect condition, is most deeply 
interesting to the artist and the historian : supplying to tlie 
one models of beauty, and to the other the most undeniable 
data, upon which to establish the identity of this with the 
temple raised by the Athenians to the IIoro-God. 

After having been successively denominated the remains 
of the Palace of Pericles, of the temple of J iipiter Olympus 
(an unaccountable blunder), the Painted Portico, the Forum 
of the inner Ceraraeicus, the magnificent wreck of which the 
engraving given may convey a general idea, has been 
finally decided to have formed a portion of the Pantheon of 
Hadrian. For some time after this opinion ha^l been started 
by Mr. Wilkins, and sanctioned by Sir William Gell, great 
doubts, despite the remarkable verification afforded by the 
language of Pausanias, remained as to its truth : but the 
Earl of Guildford has at length placed the matter beyond 
question. Some extensive excavations made under his per- 
sonal direction resulted in the discovery of the Phrygian 
stone so minutely described by the enthusiastic traveller. 

The portico forming the next illustration was for a long 
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time considered the only remaining portion of a temple dedicat- 
ed to the Emperor Augustus, but it is now clearly established 
as having been one of the entrances to a market-place. Tills 
idea, suggested to the mind of Stuart by certain minute yet 
■well marked variations in the proportion of the columns from 
those devoted to sacred purposes, has been sustained by 
research, and finally demonstrated to be correct by the 
discovery of an inscription which has put the question at 
rest for ever. In one of these the names of two prefects 
of the market are preserved ; and another, still perfect, is an 
edict of Hadrian respecting the duties to he levied on 
certain articles of consumption, and regulating the sale of 
oils, &c. Nothing can be more picturesque than the present 
condition of this portico, the latest specimen of the pure 
Greek Art. Its coloring is rich and varied, while its slate 
of ruin is precisely that in which the eye of the painter 
delights, sufficient to destroy all hardness or angularity, yet 
not so great as to rob it of one element of grandeur. 

The . building called the Monument of Philopappus, 
despite its somewhat fantastic elaboration of detail, is very 
remarkable and interesting ; it was created either during the 
lifetime, or as a memorial immediately after his death, to Caius 
Julius Antiochus Philopappus, a descendant of the royalty 
of Syria, and an adopted citizen of Athens. It consists of a 
basement supporting a pilastrade of semicircular form, and 
presenting upon its concave surface three niches, containing 
sitting statues, and three recesses richly ornamented with the 
representation in strong relief of a Roman triumph. Upon 
the basement also were various sculptures in honor of the 
Emperor Trajan. These, and, indeed, all thfe decorative 
sculpture, <fec., profusely lavished upon this building have 
suffered greatly. The two remaifaing statues are much 
dilapidated. From this point a magnificent view of the 
Acropolis is obtained, and few are the sights presented to 
the traveller, which surpass in historic interest or actual 
beauty that meeting his eye, to whichever point of the com- 
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pass he may turn when standing at the foot this remarka 
biy picturesque monument. 

The ages which produced these marvellous works in archi- 
tecture had other and different glories. Painting and sculp- 
ture reached the highest perfection ; and poetry exhibited 
all the grace and vigor of the Athenian imagination. And 
though time has effaced all traces of the pencil of Parrhasius, 
Zeuxis, and Apelles, posterity has assigned them a place in 
the temple of fame beside Phidias and Praxiteles, whose 
works are, even at the present day, unrivalled for classical 
purity of design and perfection of execution. And after the 
city had passed her noon in art, and in political greatness, 
she became the mother of that philosophy at once subtile 
and sublime, which, even at the present hour, exerts a 
powerful influence over the human mind. This era in her 
history has been alluded to by Milton : 


*‘See there the olive grove of Academe, 

Plato’s retirement, where the Attic bird 
Trills her thick-warbled notes the summer long; 
There flowery hill Ilymettus with the sound 
Of bees’ industrious murmur oft invites 
To studious musing ; there Ilyssus rolls 
His whispering stream ; within the wall then view 
The schools of ancient sages ; his who bred 
Great Alexander to subdue the world, 

Lyceum there and painted Stoa next 
To sage philosophy next lend thine ear, 

From Heaven descended to the low roof’d house 
Of Socrates ; see there his tenement, 

Whom, well inspired, the oracle pronounced 
Wisest of men ; from whose mouth issued forth 
Mellifluous streams that water’d all the schools 
Of Academics old and new, with those 
Surnamed Peripatetics, and the sect 
■Epicurean, and the Stoic severe.” 


Such is an outline of the remains of the chief Athemdo 
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edifices, wliich link ancient times with the present, and 
which, as long as th^re is taste to appreciate or genius to 
imitate, must arrest the attention and conimand the admira- 
uon of all the generations of mankind. 
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Abacus. — The flate or shallow block forming the uppermost 
member of a capital is so called for the sake of I 

distinction, for when a similar one is placed 
beneath the base of a column, it is called a 
’plinth. It is sometimes square, and sometimes 
curved, forming on the plan segments of a cir- 
cle, an ornament being introduced. Abacus. 

The Doric abacus is spoken of in this book, and is here shown 
in a plan of the capital and architrave ] a a a a being the angles 



of the soffit or underside of the abacus which overhang the echinus 
e e e e ; and s s the soffit of the architrave. From this, the rela- 
tion between the abacus and architrave, and how much the former 
exceeds or projects out beyond the latter, will be better understood 
than by the engraving Fig. 1 p. 15, where the capital is shown 
only in el&oation. 

The next figure % still more indispensable for understandmg 
the conformation of the Ionic capital. Here the abacus shows 


J- 
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itself only in front at//, over the two volnted faces, the rest being 
concealed by the baluster sides bb of the capital, which extend 
beyond the abacus, and convert the general plan into more than a 
square. Although the channels and other details of the baluster 
sides are omitted, and only their general shape sliown, the engrav- 
ing explains how those sides are reduced oy being hollowed out or 
curved concavely on the plan. 

In the Corinthian Order, a similar curvature is given co the 


f 
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abacus itself on all its four sides ; the capital of this Order having 
that in common with the Doric, that it is quite regular. One 
great point of difference between the Doric and Corinthian abacus 
is, that in the former the angles are unsupported, and overhang 
the circular body of the capital, while in the Corinthian Order 
they extend outwards diagonally, as a a a a in the figure, and sup- 
ported by tbe caulicoH or small volutes, which they in turn serve 
to cover. The letters // // indicate the rosettes or flowers on 
the four faces of the abacus. 

Amphipkostyle. — A building having a portico at both ends. 

Amphitheatre. — A theatre of an elliptical form, or in other 
words, a double theatre, produced by building two, end to end. 

Ancones or Trusses. — Ornaments in the cornice of an 
Ionic doorway, resembling modillions placed vertically. 

Amulet.-— The mouldings at fho lower part of the echinus 
in Doric capitals. A small square moulding used to separ 
rate other mouldings. Anoonss. 
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ANTiB.— Square pillars or pilasters, attached to a wall. They 
have capitals different from those of the columns with which they 
are associated. 

Apophyge. — The small faciae hy which the shaft is attached to 
the fillet of the base. 

Apteral. — A temple without columns at the ends. 

Areostylb. — An arrangement of columns, when four diameters 
are allowed between them. 

Architrave. — The lowest member of the entablature ; also, 
mouldings round doors and windows. 

Archivolt. — The interior face of an arch, between the imposts. 

Arris.— T he meeting of two surfaces producing an angle. 

Area. — An open space within a building. 

Astragal. — A semi-circular moulding. c . - 

Attic.— A small height of panelling above the cor- 
nice ; also, the upper story of a house when the walls 
are perpendicular. 

Aisles. — The spaces on each side of a nave. 

Almery. — A niche or closet introduced in 
the walls of churches or cathedrals, intended 
for the keeping of valuable articles belong- 
ing to the religious service. 

Almonry. — The building in which alms are 

distributed. Almery. 



Ambo. — A pulpit or raised platform. 

Arcii-Buttress, or Flying-Buttress. 

— An arch introduced for the purpose of 
supporting or appearing to support a 
spire, or one springing over the roof of 
an aisle, and a butting against the wall of 
the clerestory. 

Aspersorxum.— T he holy water basin. 

Auditorium. — T he nave or body of 
the church, where the people meet for 

worship. Arch-Buttress, or Flylog-Buttress 

Antepixj:.— Called by some, Greek Tiles, — upright ornamental 
blocks placed at intervals on the cornice along the roof^ to conceal 
or rather terminate the ridges formed by idle overlapping of the 
roof. 
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w®sTHETic. — Artistic. 

Astylak. — A term that expresses the absence of columns or 
pilasters, where they might else be supposed to occur. 

Axis. — An imaginary line through the centre of a column, &c. 

Baptistry. — The place in which the rite of baptism is per- 
formed. 

Bartizan. — A turret over the roof, and within the parapet of 
any building. 

Battlement. — ^An indented and sometimes 
perforated parapet. 

Bay. — The space between the ribs of a 
groined roof ; also, the part of a window be- 
tween the mullions. 

Bay-Window. — “ A projecting window, rising from the ground, 
or basement, in a semi-octagon, semi-hexagon, or polygonal form.’' 

Benetier. — A vessel for holy water, usually placed at the 
entrance of a church. 

Billet- MOULDING. — Cylindrical blocks plac- 
ed at short but equal distances from each 
other, in a hollow moulding. 

Boss. — A carved ornament at the intersection of the ribs in a 
groined roof. 

Brasses. — Brass plates let into the pavement of ecclesiastical 
buildings over or near tombs. All of these have an engraving of 
some sort, and many of them are admirably designed, and elabo- 
rately engraven. 

Buttress.— A projection from a wall built between the 

windows and at the angles of a building, having the dou- . 

ble purpose, in Gothic structure, of strength and ornament. S ) 
They are of various forms, according to the style of archi- 
tecture. 

Bed-mouldings.— T he mouldings beneath the corona 
or principal projecting member of a cornice. “ \ 

Branches. — The ribs of a groined roof. ^ ’ 

Bracket.— A projection from the face of a well to car- 
ry sculpture, or support some weight. 

Blocking Course. — A solid course of masonry, above 
a cornice. Buttresa, 



Dillot-moulilintj 



Battlement. 
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Base. — Tlie part of a column on wl/ich the shaft rests. The 
term is also used to signify the lower part of a wall. 

Bandelet. — A very narrow moulding, of the same form as the 
band. 

Band. — A moulding with a square profile. 

Balustrade. — A range of small pillars or balusters upon a 
plinth, and surmounted by a cornice or coping. 

Baluster. — A small pillar, the form of which may be varied at 
pleasure, used in balustrades. 

Balcony. — A projection from the face of a wall, supported by 
columns or consoles, and usually surrounded by a balustrade. 

Gable. — A moulding representing a cable. 

Caissons. — Sunk panels in ceilings or in soffits. 

Oampana. — The part of a Corinthian capital on which the 
leaves are placed. 

Cantilevers. — ^Trusses under the modillions of a frieze. 

Capital. — The part of a column on which a column rests on 
the shaft. 

Cartouches. — Modillions or blocks sup- 
porting the eaves of a house. 

Casement. — The frame of a window or 
light : also a moulding the same as the 
scotia. 

Cavetto. — A hollow moulding, one Cartoti^hes. 

quarter of a circle. vg » .. ;:::;rrT~z 

Channel. — A canal or groove sunk in the face of oaTettT^ 
any work. 

Colonnade. — A row of columns supporting an entablature. 

Column. — A round pillar, having a shaft and capital, and gen- 
erally a base. 

Coping. — A sloping stone on the top of a wall, to throw off the 
rain-water. 

Corbel. — A projection from the surface of a wall, to carry a 
weight, and generally ornamented. 

Cornice. — The upper division of an entablature, composed of 
several members, and varying according to the order. 

Corona. — A large square member of a cornice, between the 
cymatium and bed-mouldings. It is intended to protect the parts 
beneath it, and has a considerable projection. It is sometimes 
called the larmier, but more frequently the drip. 




284 


aLOSSAEY. 


Cyma Recta. — A compound moulding, hollow in 
the upper, round in the lower part. 


Cabl -moulding. 


Cyma Kecta- 

Cyma Reversa. — A moulding, the reverse of the cyma recta. 

Cymatium. — The upper moulding of an entablature. 

0 ABLE-MOULD iNG. — A mouldiug uscd ill Nor- 
man architecture, and deriving its name from its 
form. 

Canopy. — An ornamental projection over 
doors, windows, and niches, chiefly introduced 
in the Decorated and Perpendicular English. 

Carol. — A small closet in a cloister. 

Catherine-wheel Window. — A circular 
window, usually with a rich radiating tracery. 

Chapels. — Small buildings attached to cathe- 
drals and large churches. 

Chantry. — A small chapel at the side of a church. 

Chevron, or Zig-Zag. — A characteristic moulding in Norman 
buildings. 



Canopy. 


Choir. — The space eastward of the cross in churches having 
that form, and between the nave and high altar. 

Cinquefoil. — An ornament representing the leaves of 
a flower or leaf, used in G-othic architecture. 

Olere-story. — ^The upper story or row of windows in 
a Gothic church. 

Cloisters. — Covered passage ways to different parts of an 
ecclesiastical building. 

Crocket. — An ornament resembling a 
bunch of flowers or foliage, chiefly used at 
the angles of pinnacles and canopies. 

Crypt. — ^A vaulted chamber under a 
church, generally under the eastern end; 
and used either as a place of sepulture, an 
oratory, or baptistry. 

Cusps. — ^The ornaments at the points of the tracery in Gothic 
windows ; or according to some, the arcs which the ornaments 
terminate. 

Caryatides. — Pillars where human figures, instead of columns, 
are used to support an entablature. 

Dado, or Die.— -The plain part of a pedestal* 



A 
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DENTiLS.~Scj[iiare projecting blocks in the bed- YJ\ ' " | | 
moulds of the entablatures. They are so called ^ dentils ^ 
from a. fancied resemblance to a row of teeth. 

Bodecastyle. — A building with twelve columns in front. 

Donjon, or KE?m. — A massive tower in ancient castles, usually 
in the centrd 

Dovetail^umoulding. — A characteristic Nor- 

man moulding. 

DUNOEON.J-Tlio vault for prisoners, usually novH>taiUmouidmg^' 
the basement of the Donjon. 

Echinus —An egg-shaped ornament in the Ionic ^ 

capital. i Echinus. 

Entablature.—TIic uppermost division of a column, supported 
by the shaft. 

Eustyle.—Two and a quarter diameters between the columns. 

Embrasure or Crenelle.-- A splayed opening in a wall ; an 
opening in a battlement. 

Elevation. — An upright plan of a building or any part of a 
building, showing its exact form and dimensions as they actually 
exist. 

Entasis.— A slightly convex curvature given in execution to 
the outline of the shaft of a column, just suflicient to counteract 
and correct the appearance, or fancied appearance, of curvature in 
a contrary direction, (i. c. concavciy,) whieli might else take 
place, and cause the middle of the shaft to appear thinner than it 
really is. 

Kuihtylum. — The architrave or horizontal course resting imme- 
diatiily upon the columns. Hence wo should denote as Epiatplar 
AmuiUon that system in which columns support arches instead of 
horizontal architraves and entablatures. 

Epititiiebas.— The cymatium on the sloping or rahing cornices 
of a pediment, which superimposed moulding (as its name implicsj 
was frequently largely developed, and enriched with an ornamental 
T attern. 

Feathering or Foliation.— Smalls arcs or foils in the tracery 
of Dothic windows. According to the numbers uniting, they are 
called trefoils, quatrefoils, cinquefoils, or multifoils. 

Finial. — ^^rhe ornament which crowns a pinnacle on canopy. 

Font.— A vase used for baptism. 
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Faqade. — T he elevation or view of the principal front of an^ 
building. 

Fascia, or Facia. — A broad flat member, in an architrave, 
cornice, or pedestal. 

Fillet. — A small square member, dividing mouldings. 

Fltjtings. — Perpendicular channels in the shaft of a column. 

Frieze. — The middle division of an entablature. 

Fenestration. — In contra- 
distinction from columniation, 
the system of construction and 
mode of design marked by win- 
dows. 

Gable. — The triangular ma- 
sonry or woodwork at the end 
of a roof. Some of the old ga- 
ble ends are curiously carved. 

Glyphs.— Vertical channels in the Doric frieze. 

Gutt^. — Ornaments resembling drops, under the 
mutules of the Doric entablature. 

Gablet, — A small gable in screens, &c. 

Gargoyle. — The projecting water-spout, 
generally ornamented with the head of a man, 
a monster, or some appropriate emblem. 

Groin. — ^ llie lines formed by the intersec- 
tion of two or more vaults. Gargoyle. 

Heptastyle. — A building with seven colums in front. 

Eexastyle. — A building with six columns in front. 

Hatched-moulding. — A moulding used in 
Norman Architecture, with ornaments of a tri- 
angular form, and having the appearance of be- 
ing cut with a hatchet. HatcM-mouiding. 

Hovel. — A niche, or canopy for a statue. 

HYPOTRAOHELIUM.—The necMng of a capital introduced be- 
tween the capital itself and the shaft of the column. 

Inpost.— The abacus which crowns a pilaster or pier, and from 
which an arch springs ; also, the capital of a pilaster which sus- 
•iains an arch. 
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Intercolumniation. — ^The distance between one column and 
another. 

J UBE.— A gallery or rood-loft over the choir, to the front of 
which was generally attached a pulpit. 

Keep. — The most elevated and innermost tower of a castle. 

Knob. — The boss at the crowning of a groin. 

Label, or Hood-moulding. — The outer moulding over doors 
or windows. 

Lavatoiiy. — A stone basin attached to the altar, used by the 
priest (luring mass to dip or wash his hands. 

Lettkrn, or Lectern. — A reading-desk, commonly of brass. 

Lozrn(3E-mo0lding. — A moulding used in ; ■ ; ^ ^ , » 

Norman architecture. 

Lozonj^o-muuldlng. 

Metope. — The interval between the triglyphs in a Doric friesso, 
often ornamented with sculptures. \mm rr 

Modtllton. — An ornament in the Corinthian 
and Composite orders, resembling a bracket. Illllllll 

MuTui.ES. — Small block ornaments under the 
corona in the Doric order. Motopo. 

Mullions.— The upright shafts dividing a window into separate 
light. 

Misereres. — Shelving seats in the stalls of churches and cathe- 
drals. 

Merlon.^ — The solid part of an embattled parapet. 

Maoiiioolations. — The perpendicular openings left between the 
corbels of a battlement over gateways and doors, intended to aflbrd 
facilities for annoying assailants. 

Mouldings. — The principal mouldings and the difference of 
their profiles in the Grecian and Eoman styles are here exhibited. 
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Greek. 


Echifiuu 
or Ovolo. 



Eoman. 






JfoNOTRiGLYPHi'c.— That , mod^ of . Tntercplummation in the 
Doric Order, according to which there is only a single triglyph 
over each intercokmn, • 

Module.— The semi-diameter of the column, or 30 minutes. 

Minute.— T he sixtieth part of the diameter of the column, as 
a proportional measure. Minutes are written thus, 8^ that is. 
fiight minutes. 

NAYi^The central division of a ehureh'hetween the aislea. 

OvoLo.— A convex moulding, a quarter of a circle, 
and sometimes called a quarter round. 


Grok, 
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Oratory. — A private cliapel for prayer. 

Oriel. — A window projecting from a 
wall. 

Parapet. — A wall about breast high, at 
the top of a bouse, or on a bridge, intended 
ds a defence. It is sometimes ornamented, 
sometimes plain. 

Patera. — An ornament in a frieze, re- 
sembling a goblet. Oriel. 

Pedestal. — A square piece of masonry supporting the base of 
the column, and consisting of a base, die and cornice. 

Pediment. — The triangular form above the columns in the 
front and back of a building j also the same over windows and 
doors. 

Pentastyle. — A portico of five columns. 

Peripteral. — A temple having columns all round. 

Pier. — ^A solid pilaster or column from which an arch springs, 
or carrying a weight ; also, the solid mass between the doors or- 
windows of a building, or between the arches of a bridge. 

Pilaster. — This term is not synonymous with the word col- 
umn. In the latter, a regular and almost undeviating proportion' 
is maintained between the several parts, but in the former, the- 
same arrangement of parts is not adopted. 

Platband. — A square member, with a projection less than- 
either the height or breadth. 

Plinth. — A solid mass under the base of a column. 

Podium. — A running pedestal, supporting a series of columns' 
round a building. 

Portico. — ^A horizontal projection in the front of a building,, 
supported by columns. 

Pix. — ^The shrine to contain the host or consecrated wafers. 

Porch. — A small covered entrance into a building. 

Panel. — A small compartment enclosed with mouldings, and 
generally decorated with an ornament, or sculpture. 

Pendent. — An ornament hanging from a roof. 

Perches. — Brackets in church^, for images or candlesticksk 
25 
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Pinnacle. — A small spire, or pointed termination to 
towers, turrets, and buttresses, generally with four sides, 
and more or less ornamented. 

Flan. — A plan may be familiarly described as an arch- 
itectural ma'p, or map of a building. To define it more 
exactly, — a plan is a horizontal section supposed to be ta- 
ken on the level of the floor through the solid parts of the 
fabric, walls, columns, &c., so as to show their various 
thicknesses and situations. 

PoLYSTYLB. — Having a number of columns. Where 
columns occur behind columns, as where a portico has 
inner columns, such portico may be termed a polysPijk. Pinnacle. 

Profile. — The outline of a series of mouldings, or of any other 
parts, as shown by a section through them. 

PULVINATED.—- A friczc whose face is convex instead of plain is 
said to be pulvinated, from its supposed , resehiblance to that side 
of a cushion which swells out when pressed. 

Quatrepoil. — A n ornament representing four leaves 
of a flower, formed within a circle. 

Rustic. — Stone or compo work, channelled verti- 
cally and horizontally. 

Rood. — A cross with a figure of our Saviour on it. 

Rood Lopt. — A gallery generally over the screen, or at the 
entrance of the choir, in which a rood was in former times placed. 

Raking Cornices. — A term applied to the inclined cornices on 
the sloping side of a pediment. 



Quatretbil. 



Scotia. — A hollow moulding, chiefly used in the base of the 
Ionic column. 

Scroll. — A spiral ; tbe volute of the Ionic capital 

Shaft. — That part of a column between the capital and base. 

Spire. — The pyramidical structure crowning a tower or turret 

Spandril. — ^The triangular space be- 
tween an arch and the right angle above 
it. 

Si ALLS. — Elevated seats on the sides of 
a choir in cathedrals, with canopies over 
them, appropriated for ecclesiastics. 

Stanoheon. — The upright bar or mul- 
jdoL which divides a window into bays Spandril. 
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Steeple. — A tower rising above the roof of a church. ‘ 

Section. — A vertical plan of the interior of a building, showing 
it as it would appear upon an upright plane cutting through .t. 

Soffit. — From the Italian soffitto, a ceiling ; the under surface 
of any projecting moulding or member. 

Stylobate. — That part of a structure on which an order is 
raised, and on which the columns immediately stand. The term 
i.s, however, restricted to what partakes of the character of a 
pedestal, and not to a mere plinth or socle on the one hand, or tc 
a lower fenestrated floor on the other. 

Teteastyle. — A building with four columns in front. 

Torus. — A semi-circular moulding. i ....-.—...J 

Triglyph. — The vertical channels in the Doric 
frieze. 

Tympanum. — The triangular surface enclosed by the 
pediment. In the ancient temples it was frequently 
decorated with sculptures. 

Tabernacle.— A stall or niche detached fom the 
wall, with a canopy over it. 

Tablet. — A projecting moulding, more particularly that under 
a window. 

Transept. — That part of a church or cathedral which runs 
north and south, forming the arms of a cross. 

Tracery. — The frame-work and ornament in the head of a 
window or screen. 

Transom. — The horizontal bar dividing a window into lights. 

Trefoil. — An ornament representing three leaves of 
a flower, formed within a circle. 

Tudor Flower. — An ornament employed for open 
parapets. 

IJnderoroft. — The crypt or vault of a church. 

Volute. — The spirals on an Ionic capital. 

Vestibule.— The ’large bailor passage. 

Weepers. — The statues of Grief, at the base of a tomb or mom 
ument. 



Trefoil 



ZiG-ZiG. — See Chevron. 
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SECTION I. 

QENIRAL PRINCIPLES OF CONSTRUCTION. 

FOUNDATIONS. 

1. In preparing the foundation for anj buildings there are 
two sources of failure which must be carefully guarded 
against : viz., inequality of settlement, and lateral escape of 
the supporting material ; and, if these radical defects can be 
guarded against, there is scarcely any situation in which a 
good foundation may not be obtained. 

2. Natural Foundatiom . — ^The best foundation is a %atwral 
one, such as a stratum of rock, or compact gravel. If cir- 
cumstances prevent the work being commenced from the 
same level throughout, the ground must be carefully lenched 
out, i. e., cut into horizontal steps, so that the courses may 
all be perfectly level. It must also be borne in mind that all 
work will settle, more or less, according to the perfection of 
the joints, and therefore in these cases it is best to bring up 
the foundations to a uniform level, with large blocks of stone, 
or with concrete, before commencing the superstructure, 
which would otherwise settle most over the deepest parts, 
on account of the greater number of mortar joints, and thus 
cause unsightly fractures, as shown in fig. 1. 
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3. Many soils fom excellent toundations when kept from 
the weather, which are worthless when this cannot be effected. 
Thus blue shale, which is often so hard when the ground is 
first opened as to require blasting with gunpowder, will, after 
a few days’ exposure, slake and run into sludge. In dealing 
with soils of this kind nothing is required but to keep them 
from the action of the atmosphere. This is best done by 
covering them with a layer of concrete, which is an artificial 
rock, made of sand and gravel, cemented with a small 
quantity of lime. For want of this precaution many build- 
ings have been fractured fi;om top to bottom by the expan- 
sion and contraction of their clay foundations during the 
alternations of drought and moisture, to which they have 
been exposed in successive seasons. 

4. Artificial Foundations . — Where the ground in its natural 
state is too soft to bear the weight of the proposed structure, 
Recourse must be had to artificial means of support, and, in 
doing this, whatever mode of construction be adopted, the 
principle must always be that of extending the bearing sur- 
face as much as possible ; just in the same way, that, by 
placing a plank over a dangerous piece of ice, a couple of 
men. can pass over a spot which would not bear the weight 
of a child. There are many ways of doing this — as by a 
thick layer of concrete, or by layers of planking, or by a 
net-work of timber, or these different methods may be co-rn- 
bined. The weight may also be distributed over the entire 
area of the foundation by inverted arches, 

5. The use of timber is objectionable where it cannot be 
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kept constantly wet, as alternations of dryness and moisture 
soon cause it to rot, and for this reason, concrete is very 
extensively used in situations where timber would he liable 
to decay. 

6. In the case of a foundation partly natural and partly 
artificial, the utnaost care and circumspection are required to 
avoid unsightly fractures in the superstructure ; and it cannot 
be too strongly impressed on the mind of the reader, that it 
is not an unyielding^ but a uniformly yielding foundation that 
is required, and that it is not the amount^ so much as the 
in^ualityj of settlement that does the mischief. 

The second great principle which we laid down at the 
commencement of this section was — To prevent the lateral 
escape of the supporting material. This is especially 
necessary when building in running sand, or soft, buttery clay, 
which would ooze out from below the wmrk, and allow the 
superstructure to sink. In soils of this kind, in addition to 
protecting the surface with planking, concrete, or timber, the 
whole area of the foundation must be inclosed with piles 
driven close together ; — this is called skeet-giling. 

7. Where there is a hard stratum below the soft ground, 
but at too great a depth to allow of the solid work being 
brought up from it without greater expense than the cir- 
cumstances of the case will allow, it is usual to drive down 
wooden piles, shod with iron, until their bottoms are firmly 
fixed in the hard ground. The upper ends of the piles are 
then cut off level, and covered with a platform of timber on 
which the work is built in the usual way. 

8. Where a firm foundation is required to be formed in a 
situation where no firm bottom can be found within an avail- 
able depth, piles are driven, to consolidate the mass, a few 
feet apart over the whole area of the foundation, which is 
surrounded by a row of sheet-piling to prevent the escape of 
the soil ; the space between the pile heads is then filled to 
the depth of several feet with stones or concrete, and the 
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whole is covered with a timber platform, on which to com* 
mence the solid work. 

9. Foundatmis i% Water . — Hitherto we have been de- 
scribing ordinary foundations ; we now come to those cases 
in which water interferes with the operations of the builder, 
oftentimes causing no little trouble, anxiety, and expense. 

Foundations in water may be divided under three heads : 

1st. Foundations formed wholly with piles : 

2d. Solid foundations laid on the surface of the ground, 
either in its natural state, or roughly leveled by dredging : 

3d. Solid foundations laid hdow the surface, the ground 
being laid dry by cofferdams. » 

10. Foundations formed wholly of Files . — The simplest 
foundations of this kind are those formed by rows of wooden 
piles braced together so as to form a skeleton pier for the 
support of horizontal beams ; and this plan is often adopted 
in building jetties, piers of wooden bridges, and similar erec- 
tions where the expense precludes the adoption of a more 
permanent mode of construction ; an example of this kind is 
shown in fig. 2. 

In deep water, the bracing of the piles becomes a difficult 
matter, and an ingenious expedient for effecting this was 
made use of by Mr. Walker, in the erection of the, Ouse 
Bridge, on the Leeds and Selby Railway, a..d. 1840. This 
consisted in rounding the piles to which the braces are 
attached for a portion of their length, to allow the cast-iron 
sockets in which they rest to descend and take a solid bear- 
ing upon, the square shoulders of the brace-piles. After the 
brace-piles were driven, the braces were bolted into their 
sockets and dropped down to their required position, and 
their upper ends were then brought to iheir places and 
bolted to the ruj erstructure. 
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Fig. 2. 



11. There is always, however, a great objection to the 
use of piles partly above and partly under water, namely, 
that, from the alternations of dryness and moisture, they 
Boon decay at the water-line, and erections of timber require 
extensive repairs from this cause. In tidal waters, too, they 
are often rapidly destroyed by the worm, unless great ex- 
pense is undergone in bheathing them with copper. 

To obviate the inconveniences attending the use of timber, 
cast-iron is sometimes used as a material for piles ; but this 
again is objectionable in salt water, as the action of the sea- 
water upon the iron converts it into a soft substance which 
can be cut with a knife, resembling the Cumberland lead 
used for pencils. 

12. In England, in situations where a firm hold cannot 
be obtained for a pile of the ordinary shape, such as shifting 
sand, Mitchelfs patent screw-piles are used with great ad- 
vantage. These piles terminate at the bottom in a large 

26 
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iron screw 4 ft. in diameter, wMcli, being screwed into the 
ground, gives a firm foot-liold to the pile. This is a ver} 
simple and efficient mode of obtaining a foundation wdiere all 
other moans would fail, and lias been used in erecting light- 
houses on sand-banks with great success. The Maplin sand 
light-house at the mouth of the Thames, and the Fleetwood 
light-house, at Fleetwood, in Lancashire, both erected a. n 
1.840, may be instanced. 

13. An ingenious system of cast-iron piling w^as adopted 
by Mr. Tierney Clark in the erection of the Town Pier at 
Gravesend, Kent, a. d. 1 834, in forming a foundation for 
the cast-iron columns, supporting the superstructure of the 
T head of the pier. Tinder the site of each column were 
driven three cast-iron piles, on which an adjusting plate was 
firmly keyed, forming a broad base for the support of the 
column, which was adjusted to its correct position, and bolted 
down to the adjusting plate. 

14. A kind of foundation on the same principle as piling 
has been lately much used in situations where ordinary piling 
cannot be resorted to with advantage. The method referred 
to consists in sinking hollow cast-iron cylinders until a hard 
bottom is reached. The interior of the cylinder is then 
pumped dry, and filled up with concrete, or some equally 
solid material, thus making it a solid pier on which to erect 
the superstructure. The cylinders are made in lengths, 
which are successively bolted together as each previous 
length is lowered, the excavation going on at the bottom, 
which is kept dry by pumping. It often happens, however, 
in sinking through sand, that the pressure of the water is 
so great as to blow up the sand at the bottom of the cjdin- 
der ; aud wiien this is the case, the operation is carried on 
by means of a large auger, called a miser, which excavates 
and brings up the materials without the necessity of pumping 
out the water. The lower edge of the bottom length of 
each cylinder is made with a sharp edge, to enable it to 
penetrate the soO with greater ease, and to enter the hard 



AKT OF BUILDING, 


303 


bottom stratum on which the work is to rest. This method 
was adopted by Mr. Redman in the erection of the Terrace 
Pier at Gravesend, Kent, finished a. d. 184=5. 

15. Before closing our remarks on pile foundations, we 
must mention a very curious system of carrying up a founda- 
tion through loose, wet sand, which is practised in India and 
China, and is strictly analogous to the sinking of cast-iron 
cylinders just described. 

It consists in sinking a series of wells close together, 
which are afterwards arched over separately, and covered 
with a system of vaulting on which the superstructure i» 
raised. The method of sinking these wells is to dig down, 
as far as practicable, without a lining of masonry, or until 
water is reached ; a wooden curb is then placed at the bot- 
tom of the excavation, and a brick cylinder raised upon it 
to the height of 3 or 4 ft. above the ground. As soon as 
the work is sufficiently set, the curb and the superincumbent 
brick-work arc lowered by excavating the ground under the 
sides of the curb, the peculiarity of the process being that 
the well-sinker works under water, frequently remaining sub- 
merged more than a minute at a time. These cylinders have 
been occasionally sunk to a depth of 40 ft. 

16. Solid Foundations simply laid on the, Surface of the 
Ground, — ^Where the site of the intended structure is per- 
fectly firm, and there is no danger of the work being under- 
mined by any scour, it will be sufficient to place the materi- 
als on the natural bottom, the inequalities of surface being 
first removed by dredging or blasting. 

IT. Fierre perdue, — The simplest mode of proceeding is to 
throw down masses of stone at random over the site of the 
work until the mass reaches the surface of the water, above 
which the work can be carried on in the usual manner. 
This is called a foundation of pkrrB perduef or xmAom 
work, and is used for breakwaters, foundations of sea-walls, 
and similar works. 
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18. Cowsed Masonry , — Another way, much used in har 
bor work, is to build up the work from the bottom (which 
must be first roughly leveled) with large stones, carefully 
lowered into their places ; and this is a very successful 
method where the stones are of sufficient size and weight to 
enable the work to withstand the run of the sea. The diving- 
bell affords a ready means of verifying the position of each 
stone as it is lowered. 

19. Biton . — On the continent, foundations under water 
are frequently executed with blocks of beton or hydraulic 
concrete, which has the property of setting under water. 
The site of the work is first inclosed with a row of sheet 
piling, which protects the beton from disturbance until it has 
set. This system is of very ancient date, being described by 
Yitruvius, and was practised by the Romans, who have left 
us many examples of it on the coast of Italy. The French 
engineers have used beton in the works at Algiers, in large 
blocks of 324 cubic feet, which were floated out and allowed 
to drop into their places from slings. This method, which 
proved perfectly successful, was adopted in consequence of 
the smaller blocks first used being displaced and destroyed 
by the force of the sea. 

20. Caissons . — A caisson is a chest of timber, which is 
floated over the site of the work, and, being kept in its place 
by guide piles, is loaded with stone until it rests firmly on 
the ground. The masonry is then built on the bottom of 
the caisson, and when the work reaches the level of the 
water the sides of the caisson are removed. 

This method of building has been much used on the conti- 
nent of Europe. 

21. An improvement on the above method consists in 
dredging out the ground to a considerable depth, and put- 
ting in a thick layer of beton on which to rest the bottom of 
the caisson..^ 

22. There is a third method of applying caissons which k 
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practised on the continent of Europe, and which is free from 
the objections which commonly attend the use of caissons. 
A firm foundation is first formed by driving piles a few feet 
apart over the whole site of the foundation. The tops of 
the piles are then sawn off under water just enough above 
the ground to allow of their being all cut to the same level 
The caisson is then floated over the piles, and, when in its 
proper position, is sunk upon them, being kept in its place 
by a few piles left standing above the others, the water be- 
ing kept out of the caisson by a kind of well, constructed 
round each of these internal guide piles, which are built up 
into the masonry. This method of building in caissons on 
pile foundations is shown in figs. 3 and 4. The piers of the 


fVg. 3. 



Pont du Yal Benoit at Li4ge, built a. n. 1842, which car- 
ries the railway across the Meuse, have been built on pilei 
foundations, in the manner here described. 


Fig. 4. 



23. Solid FornidoMons laid in Cofferdaim . — There are- 
many circumstances under which it becomes ilgcessary to 
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lay the bottom dry before commencing operations. This is 
done by inclosing the site of the foundation with a water* 
tight wall of timber, from within which the water can be 
pumped out by steam power or otherwise. Sometimes, in 
shallow water, it is sufficient to drive a single row of piles 
only, the outside being protected with clay, as shown in fig 
5 ; but in deep water two or even four rows of piles will be 


Figy 5. 



required, the space between them being filled in with well- 
rammed puddle, so as to form a solid water-tight mass. 
;(See fig 6.) The great difficulties in the construction of a 

Fig, 6. 



SUBSTBATmC OF XKDTTRATKD KAKXi 



cofferdam are— 1st, to keep it water-tight ; and, 2nd, to 
support the sides against the pressure of the water outside, 
which in tidal waters is sometimes so great as to render ii 
necessary to allow a dam to fill to prevent its being crushed 
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24. In order to save timber, and to avoid the difficulty of 
keeping out the bottom springs, it has been proposed by a 
French engineer, after, driving the outer row, to dredge out 
the area thus inclosed, and fill it up to a certain height with 
betoii. The cofferdam is then to be completed by driving an 
inner row of piles resting on the beton, and puddling between 
the two rows in the usual manner ; and the masonry is 
carried up on the beton foundation thus prepared. This con- 
struction is shown in fig. 7. 



Fig. 1. 


25. Concrete is a valuable material when applied in a 
proper manner, viz., in underground works where it is con- 
fined on all sides, and is, consequently, subjected to little 
cross strain ; but it is not fit to be used above ground as a 
substitute for masonry, and will not bear exposure to water. 

26. Concrete is made of gravel, sand, and ground lime, 
mixed together with water ; the slaking of the lime taking 
place whilst in contact with the sand and gravel. It is 
difficult to give any definite proportions for the several 
ingredients, but the principle to be followed in proportioning 
the several quantities of sand and stones should be to form 
as much as possible a solid mass, for which purpose it is desir- 
able that the stones should be of various sizes, and angular 
rather than rounded. The common material is unscreened 
gravel, containing a considerable portion of sand and large 
and small pebbles, but small irregular fragments of broken 
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stone, granite cliippings, and the like, are of great service, 
as they interlace each other and bind the mass together. 
The proportion of lime to sand should bo such as is best 
suited to form a cement to connect the stones. This must 
depend in a great measure on the quality of the lime used ; 
the pure limes requiring a great proi)ortion of sand, whilst 
the stone limes, and those containing alumina, silica, and 
metallic oxides, require a much smaller proportion. 

2Y. The lime and gravel should be thoroughly incorporated 
by being repeatedly turned over with shovels, sullicicmt water 
being .added to ensure the thorough slaking of the lime with- 
out drowning it. Concrete should not be thrown into water, 
because ordinary stone lime will not set under such circum- 
stances ; and it should be carefully protected from any wash 
or run of water, which would have the effect of washing out 
the lime, and leaving the concrete in the state of loose 
gravel. Concrete made in the way just described swells 
slightly before setting, from the expansion due to the slaking 
of the lime, and does not return to its original bulk. This 
property makes it valuable for underpinning foundations and 
similar purposes. 

28. Biton . — Beton may be considered as hydraulic con- 
crete ; that is, concrete made with hydraulic lime ; and is 
chiefly used in submarine works, as a substitute for masonry, 
in situations where the bottom cannot be laid dry. It differs 
from ordinary concrete inasmuch as the lime must be slaked 
before mixing with the other ingredients, and it is usual to 
make the lime and sand into mortar before adding the stones. 
Concrete also is used hot, whilst b^ton is allowed to stand 
before being used, in order to ensure the perfect slaking of 
every particle of lime. Belidor directs that the mortar shall 
first be made, with puzzolana, sand, and quicklime. 
When the mortar is thoroughly mixed, the stones are to be 
thrown in (not larger than a hen’s egg), and also iron dross 
well pounded ; the whole is then to be thoroughly incorpor- 
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ated, and left for twenty-four hours. The proportions are to 
be as follows : — 

Puzzolana . 12 parts. 

Sand . . . . 6 '' 

Good quicklime 9 ” 

Small stones . 13 
Ground slag . 3 ” 

43 

The beton ia to be lowered into the water in a box^ with 
a bottom so constructed that it can be opened, and its con- 
tents discharged, by pulling a cord, so as to deposit the beton 
on the bottom without having to fall through a depth of 
water, which might wash away the lime. For the same 
reason it is necessary, before commencing, to lay the beton, 
to surround the site with sheet-piling, to protect it from the 
action of the water, and to guard against the danger of tlie 
softer portions of the work being carried away by tempests 
before they become consolidated. 

29. The ordinary method of using beton on the Continent 
is in alternate layers of beton and rubble stone. A layer of 
beton, about a foot in thickness, is first spread over the whole 
area of the foundation, and on this is laid a stratum of 
rubble, which, sinking into the soft beton, becomes thoroughly 
incorporated with it. On this is laid another layer of beton, 
followed by another course of rubble ; this system being 
pursued until the work reaches the intended height. 

30. The usual method of pile-driving is by 
a succession of blows given by a heavy block of wood or 
iron (called a monkey, or ram, or tup), which is raised by a 
ro^e or chain passed over a pulley fixed at the top of an up- 
right frame of timber, and allowed to fall freely on the head 
of the pile to be driven. There are a large number of pile- 
drivers of different styles in use. The one most commonly 
used in the United States is Captain Cramps. 
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31. In selecting timber for piles, care should be taken to 
choose that which is straight-grained and free from knots 
and ring shakes. Larch, fir, beech, and oak, are the woods 
most esteemed. In vsituations exposed to the worm, there is 
little difference in the durability of the best and the worst 
timber, if unprepared, and, therefore, it is always safest to 
use some preserving process. 

32. Piles which have to be driven through hard ground 
require to be rung^ that is, to have an iron hoop fixed tightly 
on their heads, to prevent them from splitting, and also to 
be shod with iron shoes ; the shoes may be of wrought or of 
cast iron. For single piles the point of the shoe is placed in 
the centre of the pile ; but for sheet-piling, the shoes are 
made not with a point, but with an edge, which is not level, 
but slightly inclined, so as in driving to give the pile a drift 
towards the pile last driven, by which means a close contact 
is ensured. Great care is required, in shoeing a pile, to en- 
sure that the shoe is driven perfectly home The advantage 
of a cast-iron shoe is, that the inside can be formed with a 
square abutment on which the pile rests, whilst a wrought- 
iron shoe has to be driven up until the toe of the pile is 
wedged tight, and, as the force with which the pile is driven 
into the ground greatly exceeds that with which the shoe is 
driven on the pile, it will often happen that the shoe will 
burst open, and allow the point of the pile to be crushed be- 
fore it is down to its full depth. 

33. Sheeting piles should be carefully fitted to each other 
before driving, otherwise they cannot be expected to come 
ill close contact when driven In some few cases it is worth 
while to groove and tongue the edges, but this is seldom 
done, and if the piles are perfectly parallel and truly driven 
the swelling of the wood when exposed to moisture will 
generally secure a tight joint. 

34. As a general rule, broken timber, that is, timber cut 
out of larger balks, should be avoided. A 10-in. stick of 
Swedish timber will drive better and with less risk of split 
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Ing than a quarter of a 20-in. balk of best Dantzic. If 
piles must be cut from large balks, the heart of the wood 
should, if possible, be left in the centre of the pile. 

35. In driving sheet-piling, the piles are kept in their pro- 
per position by horizontal pieces of timber called wales^ which 
are fixed to guide piles previously driven. In driving coffer- 
dams and similar works, the wales are seldom placed below 
the -water-line, but this may be done with great benefit by ^ 
attaching the wales to lioops dropped over the heads of the 
guide piles, and pushed down as low as the ground will per- 
mit. In driving into or through a hard stratum, it is de- 
sirable that the auger should precede the driving, as it will 
save much time, and much injury to the piles ; and in all 
cases where a hard-bearing stratum has to be reached at a 
variable depth, the boring-rod should be used to ascertain 
the length of pile required, as nothing is more vexatious than 
finding a pile a few inches too short when driven, or, on the 
other hand, having to cut off 6 or 6 ft. of good timber, which 
must be needlessly wasted. 

36. Many writers have endeavored to lay down rules for 
calculating the effect of a given blow in sinking a pile, but 
investigations of this kind are of little practical value, because 
we can never be in possession of sufficient data to enable us 
to obtain even an approximate result. The effect of each 
blow on the pile will depend on the force of the blow, the 
velocity of the ram, the relative weights of the ram and the 
pile, the elasticity of the pile head, and the resistance offered 
by the ground through which the pile is passing, and as we 
never can ascertain the two last-named conditions with any 
certainty, any calculations in which they are only assumed 
must of necessity be mere conjectures, 

31. Piles driven for temporary purposes are, at the com- 
pletion of their term of service, either drawn for the value of 
the timber and iron shoes, or cut off at the level of the 
ground if they are in situations where the drawing of the 
piles might cause any risk to the adjacent work. When 
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=»^eet-piling has been driven round the foundations of au^ 
work, as in forming a cofferdam round the pier of a bridge, 
there will always be, in the event of its being drawn, the 
risk of the ground settling down to fill up the vacancy thereby 
occasioned ; but in clay or marl soils this >s not the greatest 
danger, for the water scours out and enlarges the race thus 
formed, and the bottom speedily becomes broken up, nearly 
to the depth to which the piles were driven. As a general 
rule, therefore, it may be laid down, that piles in such situa 
tions should never be drawn, but should be cut off at the 
level of the ground, and this may be done in various ways. 
1st. By common means, the men working in a diving bell, 
or with diving-helmets. 2d. By machinery esix^cially con- 
structed for the purpose. 8d. In the case of cofferdams, by 
cutting the piles nea,rly through from the inside with the 
adze, leaving the water on the outside of the piles to com- 
plete the operation on the removal of the strutting. 

38. There are many cases, however, in which it becomes 
necessary to draw piles, and the modes in which this may be 
done are almost infinite. The common plan, where the situ- 
ation will admit of it, is to make use of a balk of timber as a 
lever, One end of which is shackled to the head of the pile, 
whilst to the other end is applied such power as can most 
readily be obtained. 

39.. A.yery simple method of drawing piles is by means of 
a powerful screw, of which one end is hooked to a shackle 
passing round the head of the pile, whilst the other passes 
through a cross-head, resting firmly on temporary supports 
placed on each side of the pile. 

40. Cofferdam . — cofferdam may be described as a 
water-tight wall, constructed round the site of any work, for 
the purpose of laying dry the bottom by pumping out the 
water from the area thus enclosed. In some situations, this 
may be effected by earthern dams, by bags of clay piles on 
each other, or by rough caissons, top or bottom, 
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filled with clay, and sunk in line round the space to be en- 
closed ; but in the majority of cases, the method is to drive 
two or more rows of close piling, and to fill up the space be- 
tween thena with clay puddle. 

41. CoiGferdams are sometimes formed, in shallow water, 
with a single row of sheet-piling ; but this is very precarious 
work, as, unless the piles are fitted together with great 
truth, it is impossible to keep the joints close, and to prevent 
leakage. A single row of sheet-piling may, however, be 
often used with great advantage as a protection and support 
in front of an earthen dam, and this is a very economical 
and satisfactory method of proceeding where there is no 
depth of water. 

42. Cojfierdams are subject to heavy external pressure 
from the water round them, which would crush them 
In, were they not very firmly strutted. In coflPei'dams 
inclosing a small area, as, for instance, the site of the pier of 
a bridge, the strutting is placed from side to side, in the 
manner that will give the greatest facility for carrying on the 
work, the struts being gradually removed as the latter pro- 
ceeds. 

In constructing dams in front of a wharf wall, or similar 
work, the strutting requires to be effected in a different man- 
ner, and the plan usually adopted is to form a series of but- 
tresses, or counterforts, at short intervals, from which the 
intermediate portions of the dam can bo strutted with raking, 
horizontal struts. The strength given to those counterforts 
must, of course, depend on the amount of pressure to come 
on the dam. 

43. In rivers subject to heavy freshets it is common, in 
constructing cofferdams, to keep the top of the dams below 
the flood level, as it is generally less expensive to pump out 
the water from the interior of the dam occasionally, than to 
construct and maintain a dam which should sustain the 
pressure of the flood waters ; and it is always advisable to 
provide every dam with a sluice, by mean of which the water 

21 
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can be admitted, if there is any fear of injury from a sudden 
freshet or from any otlier cause. In tidal waters the operation 
of closing a dam is sometimes rather hazardous (unless it 
can be performed at low water), from the tide falling out- 
side, without the dead water inside being able to escape 
sufficiently quick through the sluices to maintain an equili- 
brium ; and, unless the piles and puddle wall are suhicieiitly 
strong to resist this outward pressure, the work will be 
violently strained, and often permanently injured. When 
the site to be inclosed is above the level of low water, hnlf- 
tide, dams arc sometimes resorted to. A hall-tide dam is one 
which is covered and filled at every tide, and emptied by 
sluices at low water, the available working hours lasting from 
the time the ])ottom runs dry until the flood tide reaches the 
top of the dam. 

44. The principal difficulties in the construction of coffer- 
dams may be thus briefly stated : — 

1st. To obtain a firm foothold for the piles, which, in either 
rock or mud, is a matter of great difficulty. 

2d. To prevent leakage between the surface of the ground 
and the bottom of the puddle. 

3d. To prevent leakage through the puddle wall. 

4th. To keep out the bottom springs. 

RETAINING WALLS. 

45. The name of retaining wall is applied generally to all 
walls built to support a mass of earth in an upright or nearly 
upright position ; but the term is, strictly speaking, restricted 
to walls built to retain an artificial bank, those crecied tc 
Bustain the face of the solid ground being called breast wails. 
( See fig. 8 ) 
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Fig. 8. 



46. Retainwg Walls . — Many rules have been given by 
different writers for calculating the thrust which a bank of 
earth exerts against a retaining wall, and for determining the 
form of wall which affords the greatest resistance with the 
least amount of material The application of these rules to 
practice is, however, extremely difficult, because we have no 
means of ascertaining the exact manner in which earth acts 
against a wall ; and they are, therefore, of little value except 
in determining the general principles on which the stability 
of these constructions depends. 

4t. The calculation of the stability of a retaining wall 
divides itself into two parts : 

1st. The thrust of the earth to be supported. 

2d. The resistance of the wall. 

48. Definitions (see fig. 9 .) — Th line of rvftwe is that 
along which separation takes place in case of a di^ of 


Fig. 9. 



earth. The slope which the earth would assume, if left to- 
tally unsupported, is called the natural slope, and it has been 
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found that the line of rupture generally divides the angle 
formed by the natural slope and the back of the wall into 
nearly equal parts. 

The cmtre of ^pressure is that point in the back of the wall 
above and below which there is an equal amount of pressure ; 
and this has been found by experiment and calculation to be 
at two-thirds of the vertical height of the wall from its top. 

The wall is assumed to be a solid mass, incapable of 
sliding forward, and giving way only by turning over on its 
front edge as a fulcrum. In the annexed diagranis the 
foundations of the walls have, in all cases, been omitted, to 
simplify the subject as much as possible. The term slope in 
the following investigation is used as synonymous with the 
expression line of rupture. 

49. Amomve and Direction of the Thrxist . — There are two 
ways in which this may be calculated : — 1st, By considering 
the earth as a solid mass sliding down an inclined plane, all 
slipping between the earth and the back of the wall being 
prevented by friction. This gives the minimum thrust of the 
earth. 2nd, By assuming the particles of , earth to have so 
little cohesion, that there is no friction either on the slope or 
against the back of the wall. This method of calculation 
gives the maornmm thrust. 

The real thrust of any bank will probably be somewhere 
between the two, depending on a variety of conditions which 
it is impossible to reduce to calculation j for, although we 
may by actual experiments with sand, gravel, and earths of 
different kinds, obtain data whence to calculate tlie thrust 
exerted by them in a perfectly dry state, another point must 
be attended to when we attempt to reduce these results to 
practice, viz., the action of water, which, by destroying the 
cohesion of the particles of earth, brings the mass of material 
behind the wall into a semi-fluid state, rendering its aciion 
more or less similar to that of a fluid according to the degree 
of saturation. 
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The tendency to slip will also very greatly depend on the 
manner in which the material is filed against the wall. If 
the ground be benched out (see fig. 8,) and the earth well 
punned in layers inclined /rm the wall, the pressure will be 
very trilling, provided only that attention bo paid to surface 
and back drainage. If, on the other hand, the bank be tip- 
ped in the usual manner in layers sloping towards the wall, 
the full pressure of the earth will be exerted against it, and 
it must be made of corresponding strength. 

50. Cahidation of Minimnw Thrust . — The weight of the 
nrism of earth represented by tlio triangle A B C, fig. 9, 


Fig, 10. 

c 



will be directly as the breadth AC, 
the height being constant ; and the 
inclination of B C remaining con- 
stant, but the height varying, the 
weight will be as the square of the 
height. If, therefore, we call the 
weight of the prism ABC, W, 
the breadth AC, b, the height 
AB, h, and the specific gravity of 


the earth, s^ we shall have W = 


If we call the 


2 . 

thrust of W in the direction of the slope W', then (neglect- 
ing friction, ) on the principle of the inclined plane, W will 
be to W' as the length of the incline is to its height ; or, 
calling the length B C, Z, then 

AW hh^s^ 

hh: : W:W' = = . 

I 21 


* Th© value of W' here given 'wiU Increase with the length of A 0 in a constantly 

(flecreasiug ratio, never exceeding — supposing the hack of the waU to he upright. 

2 

But in practice the friction must always he taken into consideration ; and, as this 
increases directly as A C, there wiU he a limit at which the thrust and the resist- 
ance balance each other, this limit being the natural slope ; and, as the thrust and 
the resistance increase with the length of A 0 in, different ratios, there will he a 
point at which the effective thrust is greatest, or, in other words, a slope of maid 
mum thrust which determines the position of the line of rupture. 
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The effect of the weight of the prism A B 0 to overturn the 
wall will be as W' multiplied by the leverage E E, fig. 10, 
found by letting fall the perpendicular E F, from the front 
edge of the wall, upon D F, drawn through the centre of 
pressure in a direction parallel to the slo})e. When D F 
passes through E, then E F = 0, and the thrust has no ten- 
dency to overturn the wall ; and when D F falls within the 
base of the wall, E F becomes a negative quantity, the thrust 
increasing its stability. Calling the overturning thrust T, 
we have 

bh^s-^'E'F, 

T = W'XEF= 

2 I 

the value of E F* depending on the inclination of the slope, 
and the width of the base of the wall. 

51. Galaiilation of Maxunmm Thrust . — If we consider the 
moving mass to slide freely down the slope, and the friction 
between the earth and the back of the wall to be so slight 
as to be inappreciable, then the prism ABC will act as a 
wedge, with a pressure perpendicular to the back of the 
wall, which will be the same whatever the inclination of B 
C, the height and inclination of the back of the wall being 
constant, and as the square of the height where the height 
varies, the pressure being the least when the back of the 
wall is vertical ; for calling the pressure P, and drawing 
A I, fig. 11, perpendicular to B C, we have, on the princi] le 
of the wedge, 

W'XAB hh^sXAB 

. AI:AB::W':P=: = 

AI 2ZXAI 

and by construction hh=l A 1, as they are each equal fcc 
A fb 

.r *EF=- X - - EB 
I \3 

6 52 « h [b \ bhZ 8 [h 

T— W'XEF = X- EB X EB 

2/ / \3 / 2/2 Vs 
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twK'e the area of triangle ABC; therefore, by substitution 

ZAIA.s‘XAB ksXAB 

. 

21A I 2 

The effect of the prism A B C to overturn the wall will ba 
P multiplied by the leverage EF*, which will be found by 
drawing D F, fig 13, at right angles to the back of the wall 


Fig. 11. Fig. 12. 



through the centre of pressure, and making B F perpendicular 
to it ; then calling the overturning thrust, as before, T, 


ABXhsXFF 

T=PXEF= 

2 

When B F passes through B, then B F = 0, and the thrust 
has no tendency to overturn the wall ; and, if D F falls within 
tne base, the thrust will increase its stability. When the 
back of the wall is vertical, then 

h h^s 

AB~h and EF=i= — and T= — 

3 6 


* Calling the angle X A B =« 0 
AB EB.AX h 

EP = 1 ooseo 0 4- B B cos. B 

3 AB 3 ~ 


A B . ^ 9 

AndT = P XBF== X 

/ ^ 
ha /AB2 


AB eb.a: 

+ 

3 AB 


+ EB.AX 


The positive sign is to be used when the baok of the wall leans backwards ; tbt 


negative, when it leans forwards. 
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62. These results show that, where the friction of the 
earth against the slope and the back of the wail is destroyed 
by the filtration of water, the action of the earth will be 
precisely similar to that of a column of water of the height 
of the wall The pressure upon the side of any vessel is the 
half of the pressure that would take place upon the bottom 
if of the same area. Now, calling the specific gravity of the 
water s, the pressure upon the bottom, supposing its length 
to be AB, would be As AB ; therefore the pressure upon 

the side will be A s A B A s A B.B E 

; andT=PXEF=: . 

2 2 

And, where the back of the wall is vertical, then 
A 

A B = A and B F = - as above. Therefore 
3 

A^s k^s h k^s 

P andT=— 

2 2 3 6 

which results are precisely the same as those arrived at 
above. 

53. Resistance of the Wall . — Considering the wall as a 
solid mass, the effect of its weight to resist an overturning 
thrust will be directly as the horizontal distance B H from 
its front edge to a vertical line drawn through G, the centre 
of gravity of the wall, fig. 13 ; or, calling the resistance R, 
and the weight of the wall Wj then R = 'm? X E H. EH will 
be directly as E B, the proportions of the wall being con- 
stant ; therefore a wall of triangular section will afford more 
resistance than a rectangular one of equal sectional area, 
the base of a triangle being twice that of a rectangle of 
equal height and area. 

If the wall be built with a curved concave batter, fig. 14, 
E H will be still greater than in the case of a triangular 
wall of equal sectional area ; and, if the wall were one solid 
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H B 


Ptg, 13, mass incapable of fracture, 

this form would offer more re- 
sistance than the triangular. 
But, as this is not the case, 
we may consider any portion 
of the wall cut off from the 
bottom by a level line to 
be a distinct wall resting upon 
the lower part as a foundation. 
Imagine A e 5 to be a complete wall capable of turning upon 
g as a fulcrum. The resistance would be considerably less 
than that of the corresponding portion of a triangular wall. 
In the case of a triangular wail, the proportions of tlie 
resistance to the thrust will be the same throiigliout irs 
height. In the case of a rectangular one, the resistance will 
bear a greater proportion to the thrust, the greater the dis- 
tance from the bottom. In the case of a wall with a con- 
cave curved batter, the reverse of this takes place. 

The value of E H will be greatest when E H = E B, the- 
wall will be then exactly balanced on H ; but in practice* 
this limit should never be reached, for fear the wall shoukh 
become crippled by depending on the earth for support. The- 
value of B H will be least when H coincides with E, which, 
opposite limit also is never reached in practice — ^for obvious , 
reasons — as the wall would in this case overhang its base, . 
and be on the point of falling forward. 

54. The increased leverage is not the only advantage 
gained hy the triangular form of wall. In the foregoing 
Investigation, we have considered the wall as a solid mass 
turning on its front edge. Now, practically, the difficulty is 
not so much to keep the wall from overturning as to prevent 
the courses from sliding on each other. 

In an upright wall, built in horizontal courses, the chief 
resistance to sliding arises from the adhesion of the mortar ;■ 
but, if the wall be built with a sloping or* hatt&ring face, the 
beds of the courses being inclined to the horizon, the resist 
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auce to tlie thrust of the bank is increased in proper 
tion to the tendency of the courses to slide down 
towards the bank ; thus rendering the adhesion of the 
mortar merely an additional security. The importance 
of making the resistance independent of the adhesion 
of the mortar is obviously very great, as it would otherwise 
be necessary to delay backing up a wall until the 
mortar were thoroughly set, which might require several 
months. 

66. The exact determination of the thrust which will be 
exerted against a wall of given height is not possible in 
practice ; because the thrust depends on the cohesion 
of the earth, the dryness of the material, the mode of 
backing up the wall, and other conditions which we 
have no means of ascertaining. Experience has, however, 
shown that the base of the wall should not be less than 
one-fourth, and the batter or slope not less than one- 
sixth of the vertical height, wherever the case is at all 
doubtful. 


66. The results of the above investigation are illustrated 
in figures 14, 16, 16, 1^, and 18, which show the relative 



sectional areas of walls of different shapes, that would be 
required to resist the pressure of a bank of earth 12 feet 
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Fig, 16. 


Fig, 17. 




Fig. 18. 



The first three examples are calculated to resist the maxi^ 
mum, and the fourth, the minimum, thrust ; whilst the last 
figure shows the modified form usually adopted in practice. 

57. It is sometimes necessary in soft ground to protect the 
toe or front edge of a retaining wall with sheet piling, to pre- 
vent it from being forced forward ; this is shown in fig. 8. 

58. Counterforts . — ^Retaining walls are often built with 
counterforts, or buttresses, at short distances apart, which 
allow of the general section of the wall being made lighter 
than would otherwise be the case. The principle on which 
these counterforts are generally built is, however, very de- 
fective, as’ they are usually placed behind the wall, which 
frequently becomes torn from them by the pressure of the 
earth. The strength of any retaining wall would, however, 
be greatly increased were it built as a series of arches, abut 
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ting on long and thin buttresses ; but the loss of space that 
would attend this mode of construction has effectually pre- 
vented its adoption except in a few instances. 

59. Breast Walls . — ^Where the ground to be supported is 
firm, and the strata are horizontal, the office of a breast wall 
is more to protect, than to sustain the earth. It should be 
borne in mind that a trifling force, skilfully applied to un- 
broken ground, will keep in its place a mass of material 
which, if once allowed to move, would crush a heavy wall , 
and, therefore, great care should be taken not to expose the 
newly opened ground to the influence of air and wet for a 
moment longer than is requisite for sound work, and to avoid 
leaving the smallest space for motion between the back of 
the wall and the ground. 

60. The strength of a breast wall must be proportionately 
increased when the strata to be supported incline towards 
the wall, as in fig. 19 : where they incline from it, the wall 
need be little more than a thin facing to protect the ground 
from disintegration. 


FLg 19 . 



61. The preservation of the natural drainage is one of the 
most important points to be attended to in the erection of 
breast walls, as upon this their stability in a great measure 
depends. No rule can be given for the best manner of doing 
this ; it must be a matter for attentive consideration in each 
particular case. 
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ARCHES. 

62. An arch in perfect equilibrium may be considered as 
a slightly elastic curved beam, every part of which is in a 
state of compression, the pressure arising from the weight of 
the arch and its superincumbent load being transmitted to 
the abutments on which it rests in a curved line called the 
awrm of equililrmm^ passing through the thickness of the 
arch. 

63- The wedge-shaped stones of which a stone arch is 
composed are called the voiissoirs. The upper surface of an 
arch is called its extrados, and the lower surface its intrados 
or sofit (see fig. 20). Theoretically, a stone arch might 


Fig, 20. 



give way by the sliding of the voussoirs on each other ; but 
in practice the friction of the material and the adhesion of 
the mortar is sufficient to prevent this, and failure takes 
place in the case of an overloaded arch by the voussoirs 
turning on their edges. 

64. The curve of equilibrium will vary with the rise and 
span of the arch, the depth of the arch stones, and the dis- 
tribution of the load, but it will always -have this property, 
namely, ihat the horizontal thrust will be the same at every 
part of it. In order that an arch may be in perfect equili- 
27 
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brium, its curvature should coincide with that of the curve 
of equal horizontal thrust ; if, from being improperly do 
signed or unequally loaded, this latter curve approaches 
either the intrados or the extrados, the voussoirs will be 
liable to fracture from the pressure being thrown on a very 
small bearing surface ; and if it be not contained within the 
thickness of the arch, failure will take place by the joints 
opening, and the voussoirs turning on their edges. 

65. The manner in which the curve of equilibrium is af- 
fected by any alteration in the load placed upon an arch may 
readily be seen by making an experimental equilibrated arch 
with convex voussoirs, as shown in fig. 20. When bearing 
its own weight only, the points of contact of the voussoirs 
will lie wholly in the centre of the thickness of the arch ; 
when loaded at the crown, the points of contact will ap- 
proach the extrados at the crown, and the intrados at the 
haunches ; and, if loaded at the haunches, the reverse effect 
will take place. 

66. If a chain be suspended at two points, and allowed to 
hang freely between them, the curve it takes is the curve of 
equilibrium of an arch of the same span and length on soffit, 
in which the weights of the voussoirs correspond to the 
weights of the links of the chain, and would be precivsely the 
same as that marked out by the points of contact of the 
curved voussoirs of an experimental arch of the same dimen- 
sions built as above described. 

61. In designing an arch, two methods of proceeding pre- 
sent themselves : we may either confine tlie load t-o the 
weight of the arch itself or nearly so, and suit the shape of 
the arch to a given curve of equilibrium, or we may design 
the arch as taste or circumstances may dictate, and load it 
until the line of resistance coincides with the curve thus de- 
termined upon. 

The Gothic vaults of the middle ages were, in a great 
measure, constructed on the first of these methods, being in 
many cases only a few inches in thickness, and the curvature 
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of tine main ribs coinciding yery nearly with tbeir curves of 
equal horizontal thrust. We have no means of ascertaining 
whether this was the result of calculation or experiment ; 
probably the latter, but the principle was evidently under- 
stood. 

At the present day, the requirements of modern bridge 
building often leave the architect little room for choice in 
the proportions of his arches, or the height and inclinations 
of the roadway they are to carry ; and it becomes necessary 
to calculate with care the proportion of the load which each 
part of the arch must sustain, in order that the curve of 
equilibrium may coincide with the curvature of the arch. 

68. The formulas for calculating the equilibration of an 
arch are of too intricate a nature to be introduced in these 
pages ; but the principles on which they depend are very 
simple. 

Let it be required to construct a stone arch of a given 
curvature to support a level roadway, as shown in fig. 20, 
and to find the weight with which each course of voussoirs 
must be loaded to bring the arch into equilibrium. 

Draw the centre line of the arch to a tolerably large scale 
in an inverted position on a vertical plane, as a drawing 
board, for instance, and from its springing points a, sus- 
pend a fine silk thread of the length of this centre line strung 
with balls of diameter and weight corresponding to the 
thickness and weight of the voussoirs of the arch ; then, 
from the centre of each ball suspend such a weight as will 
bring the thread to the curve marked on the board, and 
thcfec weights will represent the load which must be placed 
over the centre of gravity of each of the voussoirs, as shown 
' by the dotted lines, in order that the arch may be in equi- 
librium. 

To find what will be the thrust at the abutments, or at 
any point in the arch, draw a c, touching the curve, the ver- 
tical line ab of any convenient length, and the horizontal 
line b c, then the lengths of the lines a ah, and b c, will be 
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respectively as tlie thrust of the arch at in the direction a c, 
and the vertical pressure and horizontal thrust into which it 
is resolved ; and the weight of that part of the arch between 
its centre and the point a, which is represented by a being 
known, the other forces are readily calculated from it. 

69. When the form of an arch does not exactly coincide 
with its curve of equal horizontal thrust, there will always 
be some minimum thickness necessary to contain this curve, 
and to insure the stability of the arch. In a semicircular, fig. 
21, whose thickness is one-ninth of its radius, the line of equal 
horizontal thrust just touches the extrados at the crown, and 
the intrudes at the haunches, pointing out the places where 
failure would take place with a less thickness or an unequal 
load, by the voussoirs turning on their edges. Those arches 
which differ most from their curves of equal horizontal thrust 
are semicircles and semi-ellipses, which have a tendency to 
descend at their crowns and to rise at their haunches, unless 


Fig, 21. 



they are well hacked ujp. Pointed arches have a tendency to 
me at the crown ; and, to prevent this, the cross springers 
of the ribbed vaults of the middle ages were often made, of a 
semicircular profile, their flatness at the crown being con- 
cealed by the bosses at their intersections. 

TO. If the experiment be tried of equilibrating, in the 
manner above described, a suspended semicircular or semi- 
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elliptical arc>h, it will be found to be practically impossibit, 
as the weight required for that purpose becomes infinite ar 
the springing. This difficulty does not exist in practice, for 
that part of an arch which lies beyond the plane of the face 
of the abutment in reality forms a part of the abutment 
itself (fig. 21 ). 

The Gothic architects well understood this, and in their 
vaulted roofs built this portion in horizontal courses as part 
of the side walls (fig. 22), commencing the real arch at a 
point considerably above the spinging. 

11. The depth of the voussoirs in any arch must be suffi- 

Fig. 22.* cient to contain the curve of 

equilibrium under the greatest 
load to which it can be exposed; 
and, as the pressure on the arch 
stones increases from the crown 
to the springing, their depth 
should be increased in the same 
proportion. Each joint of the 
voussoirs should be at right 
angles to a tangent to the curve 
of equilibrium at the point 
through which it passes. 

12, Bride Arches . — In building arches with bricks of the 
common shape, which are of the same thickness throughout 
their length, a difficulty arises from the thickness of the mor-^ 
tar joints at the extrados being greater than at ,thc intrados, 
thus causing settlement and sometimes total failure. To 
obviate this difficulty, it is usual to build brick arches in se- 
parate rings of the thickness of half a brick, having no con 
nection with each other beyond the adhesion of the mortar 
or cement, except an occasional course of headings where 
the joints of two rings happen to coincide. There is, how- 



♦ This diagram is slightly altered from one of the illustrations to Professor 
Willis’s paper ‘*On the Construetion of the Vaults of the Middle Ages,” in the 
!Eraxi8action.s of the Royal Institute of Bgitish Architects, Vol I., Part 2. 
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ever, a strong objection to this plan, viz., that, if the curve 
of equal horizontal thrust do not coincide with the curvature 
of the arch, tlie line of pressure will cross the rings, and 
cause them to separate from each other. 

13. The preferable plan will be, therefore, to bond the 
brick-work throughout the whole thickness of the arch, using 
either cement or hard-setting mortar, which will render the 
thickness of the joints of comparatively little importance. 

Cement, however, is not so well suited for this purpose as 
the hard setting mortars made from the Lias limes, because 
it sets before the work can -'e completed ; and in case of any 
settlement, however trifling, taking place on the striking of 
the centres, the work becomes crippled. It is therelbre pref- 
' erable to use some hard setting mortar, which docs not, 
however, set so quickly as cement, thus allowing the arch to 
adjust itself to its load, or. in technical language, to take its 
hearing, before the mortar becomes perfectly hard. 

12. We have in the preceding remarks considered an 
equilibrated arch as a curved beam, every part of which is 
in a state of compression ; and, in an arch composed of stone 
voussoirs, this is practically the case. 

We may, however, by the employment of other materials, 
as cast iron and timber, construct arches whose forms differ 
very materially from their curves of equal horizontal thrust. 

Thus the semicircular arch ffig. 21,) which, if built of 
stone voussoirs small in proportion to the span of the arch, 
would fail by the opening of the joints at a and h, might be 
safely constructed with cast-iron ribs, with the joints placed 
at c and d, the metal at the points a and b being exposed to 
a cross-strain precisely similar to that of a horizontal beam 
loaded in the centre. 

13 Laminated arched beams, formed of planks bent 
round a mould to the required curve and bolted together, 
nave been extensively used in railway bridges of large span 
during the last ten years, and from their comparative elasti- 
city, and the resistance they offer to both tension and com 
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pression, are very well adapted to structures of tHs kind, 
which have to sustain very heavy loads passing with great 
rapidity over them. 

It is to be regretted, however, that the perishable nature 
of the material does not warrant their long duration, not- 
withstanding every precaution that can be taken for the 
preservation of the timber. 

14. Skew Arches . — In ordinary cases the plan of an arch 
is rectangular, the faces of the abutments being at right 
angles to the fronts ; but of late years the necessity which 
has arisen on railway works of carrying communications 
across each other without regard to the angle of their inter- 
section, has led to the construction of oblique or sk&w 
arches. 

15. In an ordinary rectangular arch each course is parallel 
to the abutments, and the inclination of any bed joint with 
the horizon will be the same at every part of it. In a skew 
arch it is not possible to lay the courses parallel to the abut- 
ments, for, were this done, the thrust being at right angles 
to the direction of the courses, a groat portion of the arch 
on each side would have nothing to keep it from falling. In 
order to bring the thrust into the right direction, the courses 
must therefore be laid as nearly as possible at right angles 
to the fronts of the arch (see fig. 23,) and at an angle with 

the abutments ; and it is 
this which produces the pe- 
culiarity of the skew arch. 
The two ends of any course 
will then be at different 
heights, and the inclination 
of each bed joint with the horizon will increase from 
the springing to the crown, causing the beds to be winding 
surfaces instead of a series of planes, as in a rectangular 
arch. The variation in the inclination of the bed joints 
is called the twisl of the beds, and leads to many diffi- 
cult problems in stone-cutting, the consideration of which 
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wpnld be unsuited to the elementary character of this little 
work. 

G&ntmng . — The <mtermg of an arch is the temporary 
framework which supports it during its erection, and is 
formed of a number of ribs or antres, on which are placed the 
planks or laggings on which the work is built. 

t*!. In designing centres, there are three essential points 
to be kept in view. 1st, that there should be sufficient 
strength to prevent any settlement or change of form during 
the erection of the arch. 2d, that means should be pro- 
vided for easing or lowering the centre gradually from 
under any part, of the arch. 3d, that, as the con- 
struction of centres generally involves the use of a large 
quantity of timber merely for a temporary purpose, all 
unnecessary injury to it should be avoided, in order that 
its value for subsequent use may be as little diminished as 
possible. 

18. Where the circumstances of the case do not admit of 
piles or other supports being placed between the piers, it 
becomes necessary to construct a trussed framing resting on 
the piers, and of sufficient strength to support the weight of 
the arch. The tendency of this form of centre to rise at the 
crown, from the great pressure thrown upon the haunches 
during the erection of the arch, renders it necessary to 
weight the crowns with blocks of stone until it is nearly com- 
pleted. Centres of this kind are always costly, and afford 
little facilities for easing. 

19. Abutments . — The tendency of any arch to overturn its 
abutments, or to- destroy them by causing the courses to 
slide over each other, may be counteracted in three ways, 
1st, the arch may be continued through the abutment until 
it rests on solid foundation, as in fig. 24. 2d, by building 
the abutments so as to form a horizontal arch, the thrust 



ART OF BUILDING. 


333 


Fig. 24. 



being thrown on the wing walls, which act as but- 
tresses (fig. 24.) 8d, where neither of these expedienos 


Ftg. 25. 



is practicable, by joggling the courses together with 
bed-dowel joggles, so as to render the whole abutment 
one solid mass. 

80. Wing Walls . — Where the wing walls of a bridge are 
built as shown in fig. 26, the pressure of the earth will 
always have a tendency to fracture them at their junction 
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Fig* 26. 



with the abutments, as shown by the lines ab,cd. Equal 
strength with the same amount of material will be obtained 
by building a number of thin longitudinal and cross walla, as 
shown in fig. 2^, by which means, the earth being kept from 

Fig. 21. 



the back of the walls, there is no tendency to failure of this 
kind. 

81 VoAdting . — ^The ordinary forms of vaults may be 
classed under three heads, viz., cylindrical^ coved, and groined 
A cylindriad vault is simply a semicircular arch, the ends 
of which are closed by upright walls, as shown in fig. 28 . 
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When a yanlt sprinj^s from all the sides of its plan, as in fig. 
29j it is said to be coved. When two cylindrical vaults in- 

Fig. 28. Fig. 29. 



tersect each other, as in fig. 30, the intersections of the 
vaulting surfaces are called groins^ and the vault is said to 
be grdmd. 

82. In the Eoman style of architecture, and in all common 
vaulting, the vaulted surfaces of the several compartment, 
are portions of a continuous cylindrical sui'face, and the pro- 
file of a groin is simply an oblique section of a semi-cylindei 

83. Gothic ribbed vaulting is, however, constructed on > 
totally different principle. It consists of a framework ot 
light stone ribs supporting thin panels, whence this mode of 
construction has obtained the name of rih and pannel vault 
ing. The curvature of the diagonal ribs or cross springers, 
and of the intermediate ribs, is not governed in any way b} 
the form of the transverse section of the vault, and in this 
consists the peculiarity of ribbed vaulting. This will be un- 
derstood by a comparison of figs. 30 and 31. 

Fig. 30. Fig. 31. 


Roman yaulting. Gothic Tanltlng. 

84. Domes are vaults on a circular plan. The eqxdlb 
brium of a dome depends on the same conditions as that of a 
common arch, but with this difference, that, although a 
dome may give way by the weight of the crown forcing out 
the haunches, failure by the weight of the haunches squeez- 
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ing up the crowu is impossible, on account of tht support the 
voussoirs of each course receive from each other. 


MASONRY — BRICKWORK — BOND. 


85. The term masonry is sometimes applied generally to 
all cemented constructions, whether built of brick or stone ; 
but generally the use of the term is coniined exclusively to 
stone-work. 

86. There are many kinds of masonry, each of which is 
known by some technical term expressive of the manner in 
which the stone is worked; but they may all be divided un- 
der three heads. 

1st. Rubble work (fig. 32,) in which the stones are 
used without being squared. 

2nd. Coursed work (fig. 33,) in which the stones are 
squared, more or less, sorted into sizes, and ranged in 
courses. 


Fig. 32. 


Fig. 33. 
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Fig. 34. 



3d. Ashlar work* (fig. 34), in which each stone is 
squared and dressed to given dimensions. 

8t. Different kinds of masonry are often united. Thus a 
wall may be built with ashlar facing and rubble backing ; 
and there are many gradations from one class of masonry to 
another, as coursed ruhhk, which is an intermediate step 
between rubble work and coursed work. 

88. In ashlar masonry, the stability of the work is 


♦ Tn London, the term “ ashlar’’ is conunonlj applied to a thin lacing of stone 
placed in front of brickwork. 
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independent, in ordinary cases, of the adhesion of the mortar. 
Rubble work, on the contrary, depends for support in a great 
measure upon it. ' 

89. In dressing the beds of ashlar work, care must be 
taken not to work them hollow, so as to throw the pressure 
upon the edges of the stones, as this leads to unsightly 
fimctures, as h &, fig. 34. 

90. Where there is a tendency of the courses to slide on 
each other from any lateral pressure, it may be prevented by 
bed-dowel joggles, as shown at a a, fig 34. 

91. Where the facing and the backing of a wall do not 
contain the same number of courses, as in the case of a 
brick wall with stone facings (fig. 35) the work will be 
liable to settle on the inside, as showm by the dotted lines, 
from the greater number of mortar joints. The only way 
of preventing this is to set the backing in cement, or some 
hard and quick-setting mortar. 

Fig. 35. 

92. In facing brickwork with stone ashlar, 
the stones should be all truly squared, and 

/ worked to sizes that will bond with the brick- 
/ work. If this be neglected, there will be tmmer- 
j ous vacuities in the thickness of the wall ( see 
I fig. 35), and the facing and backing will have 
a tendency to separate. 

93. Bo^id, in masonry, consists in the placing 
of the stones in such relative positions that no 

joint in any course shall be in the same plane with any other 
joint in the course immediately above or below it. This is 
called breaking joi/iit. 

94. Stones placed lengthwise in any work are called 
Stretchers, jind those placed in a contrary direction ace 

28 
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called fmdt)s When a header extends 
throughout the whole thickness ot a wall, 
It IS called a thongh, 

95. There are two kinds of bond made 
use of by bricklayers, called respectively 
English bond and Fkmish bond In thi 
first the courses are laid alternately with 
headers and stretchers ("fig 36J ; in the 
second, the headers and stretchers alter- 
nate in the same course ("fig 37 j This 
is considered to have the neatest appear- 
ance : but, as the number of headers re- 
quired is fewer than m English bond, 
there is not so much lateral tie, and on 
this account it is considered to be much inferior to it in 
strength A common practice, which cannot be too much 
reprobated, is that of building brick walls with two qualities 
of bricks, without any bond between them, the headers of 
the facing bricks being cut in two to save the better material, 
thus leaving an upright joint between the facing and back- 
ing. 

95, In bmlding upright walls, which have to sustain a 
vertical pressure, three leading principles must be kept in 
view. 

1 Uniformity of construction throughout the whole 
thickness. 

2. The bonding of the work together 

3. The proper distribution of the load. 

96 Umformtyof Construction. — We have already spoken 
of the danger arising from the backing of a wall containing 
more compressible material than the facing ; but it cannot 
be too often repeated, that in all building operations it is not 
the aTnoimt^ but irregnhmty of settlement which is so danger- 
ous. Thus a rubble wall, with proper care, may be carried 
up to a great height, and bear safely the weight of the floors 
and roof of a large building, whilst a wall built of bricks 
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and mortar, and faced with dressed ashlar, will, under similar 
circumstances, be fractured from top to bottom, from the 
difference in settlement of the facing and backing. 

It is a common but Yieious practice to build the ends of 
joists and other timbers into the walls, and to rest the 
superincumbent work upon them. This is liable to lead tc 
settlements from the shrinking of the timber, and should 
always be guarded against by leaving proper recesses for the 
ends of the timbers, so that the strength of the masonry or 
brick-work shall be quite independent of any support from 
them. 

91. Bond . — In addition to the bonding together of the 
materials above described, a further security against irregular 
settlement is usually provided for brick walls, in the shape 
of ties of timber, called hondj which are cut of the depth 
and thickness of a brick, and built into the work. 
There is, however, a great objection to the use of timber 
in the construction of a wall, as it shrinks away from 
the rest of the work, and often endangers its stability by 
rotting. 

98. Instead of bond timbers, hoop-iron bond is now 
very generally used. This is formed of iron hooping, 
tarred, to protect the iron from contact with the 
mortar, and laid in the thickness of the mortar joints. 
This forms a very perfect longitudinal tie, and has all 
the advantages, with none of the disadvantages, of bond 
timbers, 

99. Distribution of th Load . — It is always advisable, 
when a heavy load has to be supported on a few points, as 
in the case of a larger floor resting on girders, to bring the 
weight as nearly as possible on the centre of the wall, and 
to distribute it over a large bearing surface, by stone bond 
ing through its whole thickness ; this arrangement is show® 
in figures 38 and 39. 
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Fig. 38. Fig, 39. 


100. It is of importance in designing buildings to arrange 
the apertures for doors, windows, &c., in the different floors, 
so that openings shall be over openings, and piers over piers ; 
if this be not attended to, it is scarcely possible to prevent 
settlements. In addition to this, as the pressure on the 
foundations will be greatest under the piers, it is desirable to 
connect these with inverted arches, by whicli means the 
weight is distributed equally over the whole surface of the 
foundations. 

101. All openings in walls for doors, windows, gate-ways, 
<fec., should be arched over throughout the whole thickness 
of the walls in which they occur ; and wooden lintels and 
bressummers should only be introduced as ties to counteract 
the thrust of the arches, and as attachments for the internal 
finishings. 

102. Bressummers of cast iron are often used for support- 
ing the walls of houses over large openings, as in the case 
of shop jfronts ; but they have the disadvantage of being 
liable to be cracked, in case of fire, if water is thrown on 
them whilst in a heated state, which renders their use very 
objectionable, as no dependence can be placed upon them 
after having been suddenly cooled in this manner, even if 
they do not actually break at the time. 

PAJaTITIONS. 

103. The partitions forming the interior divisions of a 
building may be either solid walling of brick or stone, or 
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they may he constructed entirely of timber, or they may be 
frames of timber filled in with masonry or brick-work. 

It will always be best, both for durability and security 
against fire, to make the partitions of solid walling ; but 
this is not always practicable, and, in the erection of dwelling 
houses, they are for the most part made of timber. 

The principles to be kept in view in the construction of 
framed timber partitions are very simple. Care must be 
taken to avoid any settlement from cross strain, and they 
should not in any way depend for support upon subordinate 
parts of the construction, but should form a portion of the main 


Mg, 40 . 



carcase of the building, and be quite independent of the floors, 
which should not support, but should be supported by them 
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Where a partition extends through two or more stories of 
a building, it should be as much as possible a continuous 
niece of framing, with strong sills at proper heights to sup- 
port the floor joists. 

Where openings occur, as for folding doors, or where a 
partition rests on the ends of the sill only, it should be 
strongly trussed, so that it is as incapable of settlement as 
the walls themselves. From want of attention to thest 
points, we frequently see in dwelling-houses floors which have 
sunk into curved lines, doors out of square, cracked ceilings 
and broken cornices, and gutters that only serve to conduct 
the roof water to the interior of the building, to the injury 
of ceilings and walls, and the great discomfort of its inmates. 
The above remarks will be better understood by a study of 
fig. 40, which is an example of a framed partition extending 
through three stories of a dwelling house. 

FLOORS. 

104. The assemblage of timbers forming any mhd floor- 
ing may be either dngh or donbh. Single flooring is formed 
with joists reaching from wall to wall, where they rest on 
'plates of timber built into the brick-work, as in fig. 41. The 
floor boards are nailed over the upper edges of the joists, 


Fig. 44. 



whose lower edges receive the lathing and plastering of the 
ceilings. Double floors are constructed with stout binding 
joists j a few feet apart, reaching from wall to wall, and sup 
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porting cdling pists which carry the ceiling ; and hridging 
joists^ on which are nailed the floor boards ffig. 42.) 

Fig, 42. 



In doubU-framed floorvtig^ the binders, instead of resting 
in the walls, are supported on girders^ as shown in fig. 43. 
Single flooring is, in many respects, inferior to double floor* 


Fig, 43. 



ing, being liable to sag^ or deflect, so as to make the floor 
concave ; and the vibration of the joists occasions injury to 
the ceilings, and also shakes the walls. In double flooring 
the stiffness of the Binders and girders prevents both deflection 
and vibration, and the floors and ceilings hold thdr lims^ that is, 
retain their intended form much better than in single flooring 
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105. The joists in a single floor are usualljlaid on aplaU 
built into the wall, as shown in fig. 41 j it is, however, pre- 
ferable to rest the plate on projecting corbels, A^hich prevents 
the wall being crippled in any way, by the insertion of the 
joists The plates of basement floors arc best supported on 
small piers earned up from the footings This is an impor- 
tant point to be attended to, as the introduction of timber 
into a wall is nowhere- likely to be productive of such in- 
jurious effects as at the foundations, where, from clamp and 
imperfect ventilation, all wood-work is liable to speedy 
decay. 

The ends of all girders should rest in recesses, formed as 
shown in figs 38 and 39, and with a space for the free cir< 
culation of air round the timber, which is one of the best 
preventives of decay. 

The manner in which ceiling joists and bridging joists 
are framed to the binders, and these latter tenoned into the 
girders, is shown in figs 44, 45, 46, and 4t. 

Fig. 44. Fig. 45. Fig. 46. 


jmOCINa 'JOIST briocinc joist briooinc joist 



Fig. 47. 


♦ 

pjucsTeiii^o 

a a, bndgmgjoiats ; d 6, coiling joists ; o, girder 

106. Fire-proof floors are usually constructed with iron 
l^ders a short distance apart, which serve as abutments for 
a series of brick arches, on which either a wooden or plaster 
floor may be laid (see fig. 48). 
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107. Of late years many terraces and flat roofs have been 
constructed with two or more courses of plain tiles, set in 
cement, and breaking joint with each other, supported at 
short intervals by cast-iron bearers, as shown in fig. 49. 


Fig. 4:9. 



This mode of construction, although appearing very slight, 
possesses great strength, and is now very much used in and 
about London, and in some portions of the United States. 


ROOFING. 

108. In roofs of the ordinary construction, the roof cover- 
ing is laid upon rafters supported by horizontal purlins^ which 
rest on upright trusses or frames of timber, placed on the 
walls at regular distances from each other. Upon the 
framing of the trusses depends the stability of the roof, the 
arrangement of the rafters and purlins being subordinate 
matters of detail. The timbering of a roof maybe compared 
to that of a double-framed floor, the trusses of the former 
corresponding to the girders of the latter, the purlins to the 
binders, and the rafters to the joists. 

Timber roofs may be divided under two heads — 

1st, Those which exert merely a vertical pressure on the 
walls on which they rest. 

2d. Those in which advantage is taken of the strength of 
the walls to resist a side thrust, as in many of the Gothic 
open t^bered roofs. 
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109. Trumd Roofs, exerting no Side Thrust on the WaVs. 
— In roofs of this kind each truss consists essentially of a pair 
of principal rafters or f rindpals, and a horizontal tie beam, 
and in large roofs these are connected and strengthened by 
Ung and queen jposts and struts (see figs. 51. and 52). 

Fig. 50 shows a very simple truss in which the tie is above 
the bottom of the feet of the principals, which is often done 


Fig. 60. 



k 


in small roofs for the sake of obtaining height. The tie in 
this case is called a collar. The feet of both common and 
principal rafters rest on a wall plate. The purlins rest on 
the collar, and the common rafters but against a ridge run- 
ning along the top of the roof. This kind of truss is only 
suited to very small spans, as there is a cross strain on that 
part of the principals below the collar, which is rendered 
harmless in a small span by the extra strength of the princi- 
pals, but which in a large one would be very likely to thrust 
out the walls. 

110. In roofs of larger span the tie beam is placed below 
the feet of the principals, which are tenoned into, and bolted 
to it. To keep the beam from sagging, or bending by its 
own weight, it is suspended from the head of the principals 
by a king post of wood or iron. The lower part of the king 
post affords abutments for Struts supporting the principals 
immediately under the purlins, so that no cross strain is ex- 
erted on any of the timbers in the truss, but they all act in 
tlie direction of their length, the- principals and struts lieing 
subjected to compression, and the king post and tie beam to 
icension. Fig. 51 shows a sketch of a king truss. The com- 
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Fig, 61. 



mon rafters but on a jpole^latCj the tie beams resting either 
on a continuous plate, or on short templates of wood or 
stone. 

111. Where the span is considerable, the tie beam is sup- 
ported at additional points by suspension pieces called queen 
posts (fig. 52), from the bottom of which spring additional 

Fig. 62. 



struts ; and, by extending this principle ad infiniiwm, we 
might construct a roof of any span, were it not that a prac- 
tical limit is imposed by the nature of the materials. Some- 
times roofs are constructed without king posts, the queen 
posts being kept apart by a straining piece. This construc- 
tion is shown in fig. 53, which shows the design of the old 
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Fig. 53 . 



roof (now destroyed) of the church of St. Paul, outside tht 3 
walls, at Kome. This truss is interesting from its early date, 
having been erected about 400 years ago ; the trusseti are in 
pairs, a king post being keyed in between each pair to sup- 
port the tie beams in the centre. 

112. Of late years iron has been much used as a material 
for the trusses of roofs, the tie beams and suspending pieces 
being formed of light rods, and the principals and struts of 
rolled T or angle iron, to which sockets are riveted to receive 
the purlins. 


Fig. 54. 



113. The largest roof ever executed in one is I st 
of the Imperial Riding House at Moscow, bui!-o ic of 
which the span is 235 ft. (fig. 64). The princvii/ Acature in 
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this roof is an arclied beam, the ends of which are kept from 
spreading by a tie beam, the two being firmly connected by 
suspension pieces and diagonal braces : the arched beam 
(fig. 55). is formed of three thicknesses of timber, notched 


Fig. 55 . 



out to prevent their sliding on each other, — a method which 
is objectionable on account of the danger of the splitting of 
the timber under a considerable strain. 

114. The principle of the how suspension trnss^ as this sys- 
tem of trussing is called, has been much used within the last 
ten years for railway bridges and similar works. One of the 
best executed works of this kind is a bridge over the River 
Ouse, near Downham Market, in Norfolk, on the line of the 
Lynn and Ely Railway, the trusses of which are 160 ft. 
span. 

115. Roofs on the prindple of thz Arch . — In the 16th cen- 
tury, Philibert de Lorme, a celebrated ^ Erench architect, 
published a work, in which he proposed to construct roofs 
and domes with a series of arched timber ribs in place of 
trusses, these ribs being formed of planks in short lengths, 
placed edgewise, and bolted together in thicknesses, breaking 
joint ffig. 66). This mode of construction has been more 
or less used ever since the time of its author. An instance 
of its successful application on a large scale was the original 
dome of the Halle au B14, at Paris, 120 ft. in diameter, built 
by Messrs. Legrand and Molino. This roof has since been 

Fig. 56. 


replaced by an iron one, the original dome having been dfr 
stroyed by fire. 
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116. There are, however, some great disadvantages, con- 
aeeted with this system. There is considerable waste of 
material ; the labor is great as compared with roofs of simi- 
lar span of the ordinary construction ; and, as the chief 
strength of the rib depends upon the lateral cohesion of the 
fibres of the wood, it is necessary to provide such an amount 
of surplus strength as shall insure it against the greatest 
cross strain to which it can be exposed from violent winds 
or otherwise, 

11 u Struck by these disadvantages. Colonel Emy, a 
French military engineer, proposed, in 1817, an improve- 
ment on the system of Philibert de Lorme, which was pre- 
cisely the laminated arched rib so much in use at the present 
day. It was not until 1825 that he obtained permission to 
put his design into execution in the erection of a large roof 
65 ft. span at Marac, near Bayonne (fiig. 57J. The ribs in 


Fig, 57. 
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this roof are formed of planks bent round on templets to the 
proper curve, and kept from separating by iron straps, and 
also by the radiating struts which are in pairs, notched out 
so as to clip the rib between them. 

The principle of the roof is exceedingly good. The prin- 
cipals, wall-posts, and arched rib, form two triangles, firmly 
braced together, and exerting no thrust on the walls ; and 
the weight of the whole roof being thrown on the walls at 
the feet of the ribs, and not at the pole plate, the walls are 
not tried by the action of a heavy roof, and the consequent 
saving in masonry is very great. 

The great difference in principle between the arched rib 
of Philibert de Lorme, and the laminated rib of Colonel Emy 
is, that in the latter the direction of the fibre of the wood 
coincides with the curvature of the rib ; and, as a conse- 
quence of this, the joints are much fewer ; the rib possesses 
considerable elasticity, so as slightly to yield rather than 
break under any violent strain ; and, from the manner in 
which the planks are bolted together, it is impossible for the 
rib to give way, unless the force applied be sufficient to crush 
the fibres. 

The principle of the laminated arched rib has been exten- 
sively used in the erection of railway bridges in England. 

118. Gothic Roofs . — ^The open timber roofs of the middle 
ages come, for the most part, under the second class, vi^., 
those which exert more or less thrust upon the walls, al- 
though there are many fine examples in which this is not the 
case. 

We propose to describe the principal varieties of these 
roofs, without reference either to their decorative details, or 
to their chronological arrangement, our object here being 
simply to explain the principles on which they were con- 
structed. 

119. Pig. 58, which is a section eff the parish church of 
Chaldon, near Merstham in Surrey, shows a system of roof- 
ing formerly very common. This may be compared to single 
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tlooring, as there are no principals, purlins, or even ridge. 
It is a defective form of roof, as the rafters have a tendency 
Fzg. 59. spread and thrust out the walls. In the 
example before us, this effect has been pre- 
vented by the insertion of tie-beams, from 
which the collars have been propped up (fig. 
59), thus, in fact, balancing the roof on the 
, I . centres of the collars, which are in conse- 
JIJ quence violently strained. 

introduction of the four 
centered arch, a great many church roofs of 
the construction just described were altered, as shown by 
the dotted lines in fig. 60, in order to obtain more light by 
Fzg, 60. introduction of clerestory 

windows over the nave arches. 
The flat roofs, which superseded 
the former ones, were often 
formed without any truss what- 
ever, being simply an arrange- 
ment of main beams, purlins, 
and rafters, precisely similar to 
a double-framed floor, with th^ 
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difference only that the main beams, instead of being per- 
fectly straight, were nsually cut out of crooked timber so as 
to divide the roof into two inclined planes. 

To throw the weight of the roof as low down as possible, 
the ends of the main beams are often supported on upright 
posts placed against the walls and resting 
on projecting corbels, the wall posts and 
beams being connected by struts in such 
a way that deflection in the centre of the 
beam cannot take place, unless the load 
be sufficient to force out the walls, as 
shown by the dotted lines in flg. 61 
The struts are often cut out of stout plank, forming solid 
spandrils, the edges of which are moulded to suit the prolile 
of the main beam (see fig. 62 which also shows the man- 

Fig. 62. 


Fig, 61. 



ner of securing the struts to the wall posts ai}.d to the beam, 
with tongues and wooden pins. 

121. Fig. 63 exhibits a construction often to be met with, 
which, in general appearance, resembles a trussed king post 
roof but which is in reality very different, the tie beam 
being a strong girder supporting the king post, which, in- 
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Stead of serving to suspend the tie-beam from the principals, 
is a prop to the latter. In this and the 

Kg. $3. 

previous example, any tending to deflection 
of the tie-beam is prevented by struts : the 
weight of the roof is thrown by means of 
wall posts considerably below the feet of 
the rafters, so that the weight of the upper 
part of the wall is made available to resist 
the thrust of the struts. 

122. The roofs we have been describing are not to be re- 
commended as displaying any great amount of constructive 
skill Indeed, although they answer very well for small 
spans with timbers of large scantling and side walls of suffi- 
cient thickness to resist a considerable thrust, they are 
totaliy unsuited to large spans, and are in every way inferioi 
to trussed roofs. 



The above remarks do not apply to the high pitched roofs 
of the large halls of the fifteenth and sixteenth centuries, 
which, for the most part, are trussed in a very perfect man- 
ner, so as to exert no thrust upon the walls ; although, in 
some instances, as at Westminster Hall, they depend upon 
the latter for support. 

The general design of these roofs is shown in figs. 64 and 


Fig 64 
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65. The essential parts of each truss are, a pair of princi- 
pals connected hj a collar or wmd hea?n, and two hamTner 
bmm, with queen posts over them, the whole formini^^ three 
triangles, which if not secured in their relative positions, 
otherwise than bj the mere transverse strength of the prin- 
cipals, would turn on the points c c (fig. 65J, the weight of 
the roof thrusting out the walls in the manner shown in the 
figure. There are two ways in which a truss of this kind 


Fig, 65. 



may be prevented from spreading. 1st, The ends of the 
hammer beams may be connected with the collar by tension 
pieces, a a (fig. 64), by which the thrust on the walls will 
be converted into a vertical pressure. 2cl, The hammer 
beams may be kept in their places by struts, h h, the walls 
being made sufficiently strong by buttresses, or otherwise, to 
resist the thrust. 


In exivsting examples, we find sometimes one and some- 
times the other of these plans followed ; and occasionally 
■ both methods are combined in such a manner that it is often 
difficult to say what parts are in a state of compression, and 
what are in a state of tension. 


123. The roof of the great hall at Hampton Court 
(fig. 66) is very strong, and so securely tied, that were the 
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^(5 bottom struts, h h, removed 

there would be little danger of 
the principals thrusting out 
the walls j and, on the other 
hand, from the weight of the 
roof being carried down to a 
considerable distance below 
the hammer beams by the wall 
posts, the walls themselves oh 
fer so much resistance to side 
thrust, that there would be no 
injurious strain on them were 
the tension pieces, a a, re- 
moved. 

124. The construction of the 
L° roof of the hall at Bltham 
Palace, Kent (fig. 6T), differs very considerably from that 


Fig. 67. 



of the Hampton Court roof. The whole weight is thrown 
on the top of the wall, and the bottom pieces, b by are merelv 
ornamental, the tension pieces, a a, forming a complete tie. 



AKT OF BUILDINO. 


S5l 


This has been shown by a partial failure which has takes 
place. The wall plates having become rotten in consequence 
of the gutters being stripped of their lead, the weight has 
been thrown on the pseudo stmts, which have bent under 
fche pressure, and forced out the upper portion of the walls. 

125. The roof of Westminster Hall (fig. 68) is one of the 
finest examples now existing of open timbered roofs. The 


Fig, 68. 



peculiar feature of this roof is an arched rib in three thick 
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nesses, something on the principle of Philibert de Lornw ; 
but it IS so slight, compared with the great span, that it is 
probable, in designing the roof, the architect took full ad- 
vantage of the support afforded by the thickness of the 
walls and the buttresses ; if, indeed, the latter were not 
added at the time the present roof was erected, in 1395 It 
has been ascertained that the weight of the roof rests on the 
top of the walls, the lower part of the arched rib only serv- 
ing to distribute the thrust, and to assist in preventing the 
hammer beams from sliding on the walls 

126. The mediaeval architects generally employed oak in 
the construction of their large roofs, the timbers being mor- 
ticed and pinned together, as shown in fig 62. This system 
of construction is impossible in fir and other soft woods, in 
which the fibres have little lateral cohesion, as the timber 
would split with the strain ; and therefore, in modern prac- 
tice, it is usual to secure the connections with iron straps or 
bolts passing round or through the whole thickness of the 
timbers. 


KOOF COVBKINGS. 

121. The different varieties of roof coverings principally 
used may be classed under three heads : stone, wood, and 
metal 

Of the first class, the best kind is slate, which is used 
either sawn into slabs or split into thin laminm. The differ- 
ent sizes of roofing slate in common use are given in the 
description of Slaters’ Work. 

In many parts of England, thin slabs of stone are used iu 
the same way as roofing slate. In the Weald of Sussex the 
stone found in the locality is much used for this purpose, but 
it makes a heavy covering, and requires strong timbers to 
support it. 

128. Tiles are of two kinds . plain dies, which are quite 
flat ; and pcmdles, which are of a curved shape, and Jan over 
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each other at the sides. Each tile has*a projecting ear on 
its upper edge, by which it is kept in its place. Sometimes 
plain tiles are pierced with two holes, through which oak 
pins are thrust for the same purpose. 

129 Wooden coverings are little used at the present day, 
except for temporary purposes ; shingles of split oak were 
formerly much used, and may still be seen on the roofs of 
some country churches. Cedar shingles are much used, 

130. Metallic Coverings . — ^The metals used for roof cover- 
ings are lead, Kiuc, copper, and iron 

131. Lead is one of the most valuable materials for this 
purpose on account of its malleability and durability, the 
action of the atmosphere having no injurious effect upon it. 
Lead is used for covering roofs in sheets weighing from 4 to 
8 lbs. per sup. foot. 

132. Copper is used for covering roofs in thin sheets 
weighing about 16 oz. per sup. foot, and from its lightness 
and hardness has some advantages over lead ; but the ex- 
pense of the metal effectually precludes its general adoption. 

133. Zinc has of late years superseded both lead and 
copper to a considerable extent as roof coverings. It is used 
in sheets weighing from 12 oz. to 20 oz per sup. foot. It is 
considered an inferior material to those just named ; but its 
lightness and cheapness are great recommendations, and the 
manufacture has been much improved since its first introduc- 
tion. 

134. Cast iron, coated with zinc to preserve it from rust- 
ing, is now much used in a variety of forms We have already 
mentioned its adoption for covering the roofs of the New 
Houses of Parliament. 

135 All metallic coverings are subject to contraction and 
expansion with the changes of the temperature, and great 
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care is requisite in Joining the sheets to make them lap over 
each other, so as to make the joints water-tight, without 
preventing the play of the metal. 

The following table of the comparative weights of different 
roof coverings may be useful : — 

. Cwts. qrs. lbs. 


Plain tiles, per square of 100 ft. sup. . 18 0 0 

Pantiles 920 

Slating, an average ^ 0 0 

Lead, 1 lb. to the sup. foot . . . • 6 2 0 

Copper or zinc, 16 oz. do 10 0 


SUPPLY OF WATER. 

136. The arrangements for distributing a supply of water 
over the different parts of a building will depend very 
materially on the nature of the supply, whether constant or 
intermittent. 

The most common method of supply from water-works is 
by pipes which communicate with private cisterns, into which 
the water is turned at stated intervals. 

A cistern, in a dwelling-house, is always more or less an 
evil j it takes up a great deal of space, costs a great deal of 
money in the first instance, and often causes inconvenience, 
from leakage, from the bursting of the service pipes in frosty 
weather, and from the liability of the self-acting cock to get 
out of order. 

Pig. 68 shows the ordinary arrangements of a cistern for 
a dwelling-house. The commopi material for the cistern itself 
is wood lined with sheet lead ; but slate cisterns have been 
much used of Mle. Large cisterns or tanks for the supply 
of breweries, manufactories, &c., are usually made of cast- 
iron plates, screwed together by means of flanges all round 
tkeir edges. 

The service or feed pipe for a cistern, in the case of m 
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intemittent supply, must be sufficiently large to allow of 
its filling during the time the water 
is turned on from the mains. The 
flow of water into the cistern is 
regulated by a hall cock, so called 
from its being opened and shut by 
a lever, with a copper ball, which 
floats on the surface of the water. 

The service pipes to the different parts of the building are 
laid into the bottom of the cistern, but should not come 
within an inch of the actual bottom, in order that the sedi- 
ment, which is always deposited in a greater or less degree, 
may not be disturbed : the mouth of each pipe should be 
covered by a rose, to prevent any foreign substances being 
washed into the pipes and choking the taps. 

To afford a ready means of cleaning out the cistern, a 
waste pipe is inserted quite at the bottom, sufficiently large 
to draw off the whole contents in a short time when required ; 
into this waste pipe is fitted a standing waste, which reaches 
nearly to the top of the cistern, and carries off the waste 
water, when, from any derangement in the working of the 
ball cock, the water continnes running after the cistern is 
full. To prevent any leakage at the bottom of the standing 
waste, the latter terminates in a brass plug, which is ground 
to fit a washer inserted at the top of the waste pipe. 

Where the supply of water is cmistard, instead of being 
intermittent, private cisterns may be altogether dispensed 
with ; the main service pipes, not being required to discharge 
a large quantity of water in a short time, may be of smaller 
bore, and, consequently, cheaper, and a considerable length 
of pipe is saved, as the water can be laid on directly to the 
several taps, instead of having to be taken up to the cistern 
and then brought back again. The constant flow of water 
through the pipes also much diminishes the nsk of their 
bursting in frosty weath^ fh>m firemng of their contents, 

30 
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WAEMIN'G AXD TENTILATION 

137. Tlie various contrivaiices employed for warmii g build- 
mgs may be da-?ed as under : — 

Jlei/mfis of Warming independently of TentUntim. 

I By dose stoves, tbe beating surface being either of 
iron or of earthenware 

2d. By hot-air flues, passing under tbe floors. 

3d. By a "ysteni of endless piping heated by a current of 
hot water from a boiler, tbe circulation being caused by tbe 
cooling, and consequently greater weight, of tbewmter in tbe 
lower or returning pi|>e. 

Methods of Warming combined wiik TeniUatmn. 

4tb. By open fires placed in tbe several apartments. 

5tli. By causing air which has been previously heated to 
pass through the several rooms. This last system is more 
perfect than any of the othere above described, both as 
regards economy of fuel and regulation of the temperature. 

A great thougli common defect in the construction of 
fire-places is their being placed too high ; whence ft is not 
iiiiu«aal for tbe ap|Mfr part of a room to be quite warm whilst 
there is a stratum of cold air next the floor, the effect of 
whieh is very injurious to health. 

In all methods of warming, in which the air is heated by 
coning In contact with metallic heating surfaces, care should 

taken that their temperature should not exceed 212° ; as, 
when this limit Is exceeded, tbe air becomes unfit for use, and 
offensive from the scorching of the particles of dust or other 
matters that are always floating in it. 

There are two modes In which artificial ventilatic n is 
rfectcd, each of whieh is very efficient. 

The oae most in use is to establish a draught in an ttr 
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iliaft or chimney communicating by flues with the apartments 
to be ventilated, the effect of which is to cause a constant 
current in the direction of the shaft, the air being admitted 
at the bottom of the building, and warmed or cooled as may 
be required, according to the season of the year. 

The new House of Lords is ventilated in this manner. The 
air is admitted at the bottom of the buildings, filtered by 
being passed through fine sieves, over w'hich a stream of 
water is constantly flowing ; warmed in cold weather by 
passing through steam cockles, and then, rising through the 
building, goes out through the roof into the furnace chimney, 
the draught being assisted by a steam jet from a boiler. 

139. The other mode of ventilation to which we have 
alluded is on a completely opposite principle to that just 
described, the air being forced irdo the apartments by 
mechanical means, instead of being drawn from them by the 
draught in the chimney. 

In ” The American Cottage Builder ’’ the Editor treats 
this subject more fully, and in detaiL 
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SECTION n. 

MATERIALS USED IN BUILDING. 

140. The materials used in building may be classed unde? 
the following heads, viz : 

Timber, Stone, Slate, Bricks and Tiles, Limes and Cements, 
Metals, Glass, Colors and Yarnishes 

TIMBER. 

141 . If we examine a transverse section of the stem of a 
tree, we perceive it to consist of three distinct parts ; the 
barl:, the wood^ and the The wood appears disposed in 
rings round the pith, the outer rings being softer and con- 
taining more sap than those immediately round the pith which 
form what is called the hmrt wood. 

These rings are also travelled by rays extending from the 
centre of the stem to the bark, called medullary rays. 

The whole structure of a tree consists of minute vessels 
and cells, the former conveying the sap through the wood in 
its ascent, and through the bark to the leaves in its de- 
scent ; and the latter performing the functions of secretion 
and nutrition during the life of the tree. The solid parts of 
a tree consist almost entirely of the fibrous parts composing 
the adts of the vessels and cells. 

By numerous exf>eriments it has been ascertained that the 
mp begins to ascend in the spring of the year, through the 
miiiiite in tlie wood, and descends through the bark 

to the lea Vi and, after passing through them, is deposited 
In an altered between the bark and the last years’s 

wood, fornilag a new layer of bark and sap wood, the old 
iMrk being pushed forward. 

As the aiinaal layers increase in number, the sapwoexi 
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i^ses to perform its original functions ; tlie iuid parts are 
evaporated or absorbed by the new wood, and, tbe sides of 
the vessels being pressed together by the growth of the lat- 
ter, the sap wood becomes heart wood or perfect wood, and 
until this change takes place it is unfit for the purposes of 
the builder. 

The vessels in each layer of wood are largest on the 
side nearest the centre of the stem, and smallest at the out- 
side. This arises from the first being formed in the spring, 
when vegetation is most active. The oblong cells which 
surround the vessels are filled with fluids in the early growth; 
but, as the tree increases in size, these become evaporated 
and absorbed, and the cells become partly filled with depo- 
sitions of woody matter and indurated secretions, depending 
on the nature of the soil, and affecting the quality of the 
timber. Thus Honduras mahogany is full of black specks, 
w’Mle the Spanish is full of minute white particles, giving 
the wood the appearance of having been rubbed over with 
chalk At a meeting of the Institution of Civil Engineers, 
March, 1842, it was stated by Professor Brande, that “ a 
beech tree in Sir John Sebright’s park in Hertfordshire, on 
being cut down, was found perfectly black all up the heart. 
On examination it was discovered that the tree had grown 
tipoii a mass of iron scoriae from an ancient furnace, and that 
the wood had absorbed the salt of iron.” This anecdote well 
explains the differences that exist between different specimens 
of the same kind of timber under different circumstance of 
growth ; and it is probably the nature of the soil that causes 
the difference of character we have just named between Hon- 
duras and Spanish mahogany. 

There is a great (^fference in the character of the annual 
rings in different kinds of trees. In some they are very dis- 
tinct, the side next the heart being porous, and the other 
being compact and hard, as the oak, the ash, and the elm 
In others the distinctions between the rinp is so smaU as 
scaareely to he distinguished, and the texture of the wood is 
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nearly uniform, as in the beech and mahogany A third 
class of trees have the annual rings very distinct and their 
pores filled with resinous matter, one part being hard and 
hctivy, the other soft and light-colored All the resinous 
woods have this character, as larch, fir, pine, and cedar. 

The medullary rings are scarcely perceptible to the naked 
eye in the majority of trees ; but in some, as the oak and 
the beech, there are both large and small rmgs, which, when 
cut through obliquely, produced the beautiful flowered ap- 
pearance called the silver grain. 

142. In preparing timber for the uses of the builder there 
are three principal things to be attended to, viz , the age of 
the tree, the time of felling, and the seasoning for use. 

143. If a tree be felled before it is of foil age, whilst the 
heartwood is scarcely perfected, the timber will be of inferior 
quality, and, from the quantity of sap contained in it, will 
be very liable to decay. On the other hand, if the tree be 
allowed to stand until the heartwood begins to decay, the 
timber wdl be weak and brittle : the best timber comes from 
trees that hare nearly done growing, as there is then but 
little sapwood, and the heartwood is in the best condition. 

144. The best time for felling trees is either in mid-winter, 
when the sap has ceased to flow, or in mid-summer, when the 
sap is temporanly expended in the production of leaves. An 
excellent plan is to bark the timber in the spring and fell it 
in winter, by which means the sapwood is dried up and har- 
dened ; but as the bark of most trees is valueless, the oak 
tree (whose bark is used in tanning; is almost the only one 
that will pay for being thus treated. 

145. The seasoning of timber consists in the extraction or 
evaporation of the fluid parts, which are liable to decompo- 
Htion on the cessation of the growth of the tree. This Is 
usually effected by steeping the green timber in water, tc 
Alute and wash out the sap as much as posmWe, and then 
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drying it tlioroegWy by exposure to the air in an airy sito 
ation. The time required to season timber tiiorouglily in 
this manner will of course much depend on the hizes of the 
pieces to be seasoned ; but for the general piirpo>es of car- 
pentry. two years is the least that can be allowed, and, iii 
seasoiiing timber for the use of the joiner, a miieli longer 
time is usually required. 

146 Demy of Timber . — Properly seasoned timber, placed 
ji a dry situation with a free circulation of air round, it is 
very durable, and has been known to last for several hun- 
dred years without apparent deterioration. This is not, 
however, the case when exposed to moisture, which is al- 
ways more or less prejudical to its durability. 

When timber is constantly under water, the action of the 
water dissolves a portion of its substance, which is made ap- 
parent by its becoming covered with a coat of slime. If it 
l>e exposed to alternations of dryness and moisture, as in the 
case of piles in tidal waters, the dissolved parts being con- 
tinually moved by evaporation and the action of the water, 
new surfaces are exposed, and the wood rapidly decays. 

Where timber is exposed to heat and moisture, the albu- 
men or gelatinous matter m the sapwood speedily putrefies 
and decomposes, causing what is called rot. The rot in tim- 
ber is commonly divided into two kinds, the and the dry, 
but the chief {frffereuce between them is, that where the tim- 
ber is exposed to the air, the gaseous products are freely 
evaporated ; whilst, in a confined situation, they combine in 
a new form, viz,, the dry-rot fungus, which, deriving its 
nourishment from the decaying timber, often grows to a 
length of many feet, spreading in every direction, and inrinih 
ating its delicate fibres even through the Joints of brici 
wails. 

In addition to the source of decay above mentioned, tim- 
ber placed in sea-water is very liable to be completely de- 
stroyed by the p^forations of the worm, unless protected by 
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copper sheathing, tlio expense of which causes it to be seldom 
used for tliis purpose. 

14 T. Pre/imUmi of Demy . — The best luotnod of protecting 
woodwork froni decay when expovsed to the weather is tc 
paint it thoroughly, so as to prevent its being afflicted by 
moisture. It is, however, most important not to apply pain^ 
to any woodwork whiih has not been thoroughly setusoiuid 
for in this ca,se tlie evaporation of the sap being prevented, 
it decomposes, and the wood rapidly decays. 

Many plans have been proposed for preventing the rot 

148. For a list of the varieties of timber for building pur 
poses, see Appendix. 

149. For internal finishings, mahogany is much used ; 
that called Spanisli, which comes from tlio West India 
Islands is considered the best. 

For joiners^ and cabinet makers^ work, a great many kinds 
of fancy wood are imported, which arc cut by machinery 
into thin slices, called veneers, and used as an ornamental 
covering to inferior work. In veneering care should be 
taken that the body of the work be thoroughly seasoned, or 
it will shrink, and the veneer fly off. 


LIMES AND CEMENTS, MORTAR, ETC. 

150. So much of the stability of brickwork and masonry 
depends upon the binding properties of the mortar or cement 
with which the materials are united, especially when exposed, 
to a side pressure, as in the case of retaining walls, arclies, 
and piers, that it is of no small importance to ascsertain on 
what the strength of mortar really depends, and how far the 
proportions of the ingredients require modification, according 
to the quality of the lime that may have to be used. 

It was long supposed that the hardness of any mortar de- 
pended upon the hardness of the limestone, from which the 
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lime used in its composition was derived ; but it was ascer- 
tained by the celebrated Smoatoii, and since his time clearly 
shown by the researches of others, amongst whom may be 
named, Yicat in France, and Colonel Pasley in England, 
that the hardness of the limestone has nothing to do with 
the matter, and that it is its chemical composition which 
regulates the quality of the mortar. 

161. Limestone may be divided into three classes: 

1st. Pure limes — as chalk. 

2d. Water limes — some of which are only slightly hy- 
draulic, as the stone limes of the lower chalk, whilst others 
are eminently so, as the has limes. 

3d Water cements — as those of Sheppy and Harwich. 

152. Tn making mortar the following processes are gone 
through : 

1st. The limestone is calcined by exposure to strong 
heat in a kiln, which drives olf the carbonic acid gas con- 
tained in it, and reduces it to the state of qmck-lim, 

2d. The quick-lime is slaked by pouring water upon it, 
when it swells, more or less, with considerable heat, and 
falls into a fine powder, forming a hydrate of lime 

3d. The hydrate thus formed is mixed up into a stifiish 
paste, with the addition of more water, and a proper pro- 
portion of sand, and is then ready for use. 

153. Pure Limes. — Chalk is a pure carbonate of lime, 
consisting of about 5 parts of lime combined with 4 of car- 
bonic acid gas. It expands greatly in slaking, and will bear 
from throe to 3| parts of sand to one of lime, when made up- 
into mortar. Chalk lime mortar is, however, of little value, 
as it sets or hardens very slowly, and in moist situations 
never sets at all, bnt remains in a pulpy state, which renders- 
it quite unfit for any work subjected to the action of water' 
or even for the external walls of a building. 
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154. G 3 ’'psuni, from wliidi is made j^taster of Paris for 
cornices and iuterual dccoraiions, is granular sulphate of 
iiine, and contains 1^0 5 of lime, 37’5 of sulphuric acid, and 
it of water. It slakes wiihout swelling, with a moderate 
heat, setting hard irv a very short time, and will even set 
under water ; but as it is, like other pure linics, partly solu- 
l)le in water, it is not suitable for anything, but internal 
work. 

155. Water limes have obtained their name from the pro- 
perty they possess, in a greater or less degree, of setting 
under water, lliey are composed of carbonate of lime, 
mixed with silica, alumina, oxide of iron, and sometimes 
other substances. 

156. Dorking obtained from the beds of the lowc^r 
chalk, at Dorking, in Surrey ; and Ilalimg Um, from a 
similar situation near llocheater, in K(mt, are the ])rin(upal 
limes used in London for making mortar, and slightly 
hydraulic ; they expand considerably in slaking, but not so 
much as the pure limes, and will make excellent mortar when 
mixed with three parts of sand to one of lime. Mortar made 
with these limes sets hard and moderately quick, and wkn 
set, may be exposed to considerable moisture without injury ; 
but they will not set under water, and are therefore unlit for 
hydraulic works, unless combined with some other substance, 
as jpuzzolana, to give them water-setting properties. 

15^. The blue lias limes the strongest water limes in 
this country. They slake very slowly, swelling but little in 
the process, and set very rapidly even under water ; a few 
days only sufficing to make mortar extremely hard. The 
lias limes will take a much smaller proportion of sand than 
the pure limes, the reason of which will be understood, when 
It is remembered that they contain a considerable proportion 
of silica and alumina, combined with the lime in their natu- 
ral state, and consequently the proportion of sand which 



ART or BUILDING. 37 1 

makes good mortar with chalk lime, would ruin mortar 
made with lias limes. 

In the Yale of Bolvoir, where the lias lime is extensively 
used, the common practice is to use equal parts of lime and 
sand for inside, and half sand to one of lime for face work. 

158. Cenmits , — These differ from the water limes, 
as regards their chemical composition, only in containingr 
less carbonate of lime and more of silica and alumina. They 
require to be reduced to a fine powder after calcination, 
without which preparation they cannot be made to slake. 
The process of slaking is not accompanied by any increase 
of bulk, and they vSet under water in a short time, a few 
hours sufficing for a cement joint to become perfectly hard. 

Cement will not bear much sand without its cementitious 
properties being greatly weakened, the usual imoportion 
being equal parts of sand and cement. 

159. The use of natural cement was introduced by Mr. 
Parker, who first discovered the properties of tlie cement- 
stone in tlic Isle of Shoppy, and took out a patent for the 
sale of it in l79f), under the name of Roman cement. 

Before that time, hydraulic mortar, for clock walls, har- 
bor work, <fec., was usually made, by mixing common lime 
with trass, from Andcrnach in Germany, or with puzzolana 
from Italy ; both are considered to be volcanic products, 
the latter containing silica and alumina, with a small quan- 
tity of lime, potash, and magnesia. Iron is also associated 
with it in a magnetic state. 

160. The expense of natural puzzolana led to the manu- 
facture of artificial puzzolana, which appears to have been 
used at an early date by the Romans, and has continued in 
use in the south of Europe to the present day j artificial 
puzzolana is made of pounded bricks or tile dust. The 
Dutch manufacture an artificial puzzolana from burn‘ clay, 
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in imitation of tlic trass of Andcruacli, wliicli is said to be a 
close imitation of tlic natural product. 

101. The great and increasing demand for cement, and 
its great superiority for most imrposcs over lime mortar, 
have induced manufacturers to turn their attention to the 
manufacture of artiheial (‘cinciit, and this has been attended 
in many instances with perfect success ; the artilicial cements 
now offered for sale, formed by imitating the composition of 
the natural cement-stones, being mostly o(|ual in quality, if 
not superior, to the lioman cement, the use of which has 
been partly superseded by them. 

162. The quality of the sand used in making mortar is by 
no means uiumi)ortaut. It should bo clean and sharp ; i e., 
angular, and perfectly free from all impurities. The purer 
the lime the finer should be the quality of the sand, tho.pure 
limes requiring finer, and the cements a coarser sand, than 
the hydraulic limes 


CONCRETE AND BETON. 

163. Bubble masonry, formed of small stones bedded in 
mortar, appears to have boon commonly used in England 
from an early period; and similar work, cemented with 
hydraulic mortar, was constantly made use of by the Ro- 
mans in their sea-works, of which many remains exist at the 
present day in a perfectly sound state. 

164. This mode of forming foundations, in situations where 
solid masonry would be inapplicable, has been revived in 
modern times ; in England and the TJnitod States under the 
name of concrete, and on th6 continent under the name of 
b^ton. Although very similar in their nature and use, there 
are yet great differences between b4ton and concrete, which 
depend on the nature of the lime used, concrete being made 
with the weak water limes which will not set under water, 
whilst beton is invariably made with water-setting limes, or 
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with limes rendered hydraulic by the addition of puzzolana. 
Describing the two by thoir differences, it may be observed 
that concrete is made with uuslakcd lime, and immediately 
thrown into the foundation pit ; beton is allowed to stand 
before use, until the lime is thoroughly slaked ; concrete is 
thrown into its place and rammed to consolidate it ; beton 
is generally lowered and not afterwards disturbed ; concrete 
must be thrown into a dry place, and not exposed to the 
action of water until thoroughly set ; beton, on die contrary, 
is made use of principally uTidtr waier^ to save the trouble 
and expense of laying dry the bottom. 

165. Concrete is usually made with gravel, sand, and 
ground unslaked lime, mixed together with water, the pro- 
portions of sand and lime being those which would make 
good mortar without the gravel, and, of course, varying ac- 
cording to the quality of the lime ; with the common limes, 
slaking takes place at the time of mixing, and the quality of 
the concrete is all the better for the freshness of the lime. 
If lias lime be used, the concrete becomes beton, and must 
be treated accordingly. 

The lime in this case must be thoroughly slaked (which 
often takes many hours) before it can be considered fit for 
use ; and, if this precaution be not attended to, the whole 
of the work, after having set very hard on the surface, cracks 
and becomes a friable mass, from the slaking of the refactory 
particles after the body of the concrete has set. 

166. Asphalte, so much in use at the present day for foot- 
pavements, terrace-roofs, &c., is made by melting the asphalte 
rock, which is a carbonate of lime intimately combined with 
bitumen, and adding to it a small portion of mineral tar, 
wliich forms a compact semi-elastic solid, admirably adapted 
for resisting the effects of frost, heat, and wet. 

Many artificial asphaltes have been brought under public 
notice from time to time, but they are all inferior to the na- 
tural asphalte, in the intimate combination of the lime and 

81 
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bitumen, which it appears impossible to effect thoroughly 
by artificial means. 


METALS. 

Ifit. The metals used as building materials arc iron, load, 
copper, zinc, and tin. 

168. Iron , — Iron is used by the builder in two different 
states, viz., cast iron and wrought iron, the differences be- 
tween them depending on the proportion of carbon com- 
bined with the metal ; cast iron containing the most, and 
wrought iron the least. 

169. Previous to the middle of the last century, the smelt- 
ing of iron was carried on with wood charcoal, and the ores 
used were chiefly from the secondary strata, although the 
clay ironstones of the coal measures were occasionally used 

no. The introduction of smelting with pitcoal coke dur- 
ing the last century caused a complete revolution in the iron 
trade. The ores now chiefly used are the clay ironstones of 
the coal measures, and the fuel, pitcoal, or coke. Steam 
power is almost exclusively used for the production of the 
blast in the furnaces, and for working the forgo hammers and 
rolling mills. 

111. For the production of wrought iron in the ordinary 
manner, two distinct sets of processes are re(iuired. 1st. 
The extraction of the metal from the ore in the shape of 
cast iron. 2nd. The conversion of cast iron into malleable 
or bar iron, by re-melting, puddling, and forging. The 
conversion of bar iron into steel is effected by placing it in 
contact with powdered charcoal in a furnace of cementation. 

1^2. Cast iron is produced by smelting the previously cal- 
cined ore in a blast furnace, with a portion of limestone as 
a flux, and pitcoal or coke as fuel. The melted metal sinks 
to the bottom of the furnace by its greater specific gravity'. 
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The limestone and other impurities float on the top of the 
melted mass, and are allowed to run off, forming slag or 
dnder. The. melted metal is riin off from the bottom of the 
furnace into moulds, where castings are required, and into 
furrows made in a level bed of sand, when the metal is re- 
quired for conversion into malleable iron, the bars thus pro- 
duced being called ^igs. 

173. In the year 1827, it was discovered that by the use 
of heated air for the blast, a great saving of fuel could be 
effected as compared with the cold blast process. 

The hot blast is now very extensively in use, and has the 
double advantage of requiring less fuel to bring down an 
ecpial quantity of metal, and of enabling the manufacturer 
to use raw pitcoal instead of coke, so that a saving is effect- 
ed both in the quantity and cost of the fuel. 

For a considerable time after its introduction it was held 
in great disrepute, which, however, may be chiefly attributed 
to the inferior quality of materials used, the power of the 
hot blast in reducing the most refractory ores offering a 
great temptation to obtain a much larger prodiuit from the 
furnace than was compatible with the good quality of the 
metal. The use of the hot blast by firms of acknowledged 
character has greatly tended to remove the prejudice against 
it ; and in many iron works of high character, nothing but 
the hot blast with pitcoal is used in the smelting furnaces, 
the use of coke being confined to the subsequent processes. 

Perhaps it may be laid down as a general principle, that 
where the pig iron is re-melted with coke in the cupola fur- 
nace, for the purposes of the iron founder ; or refined with 
coke in the conversion of forge pig into bar iron, it is of lit- 
tle consequence whether the reduction of the ore has been 
effected with the hot or the cold blast ; but where castings 
have to be run directly from the smelting furnace, the quality 
of the metal will, no doubt, suffer from the use of the former 

174. Oast iron is divided by ironfounders into three qua- 



376 


RUDIMENTS OF THE 


lities, 170. 1, or Hack cast iron, is coarse-grained, vsoft, and 
not very tenacious. When re-melted it passes into No. 2, 
or grey cast iron. This is thb best quality for castings re- 
quiring strength : it is more finely grained than No. 1, and 
is harder and more tenacious. When repeatedly rc-nielted 
it becomes excessively hard and brittle, and passes into No. 
3, or wkite cast iron, which is only used for the coninionest 
castings, as sash-weights, cannon-balls, and similar articles. 
White cast iron, if produced direct from the ore, is indi- 
cation of derangement in the working of the furnace, and is 
unfit for the ordinary purposes of the founder, except to mix 
with other qualities. 

175. G-irders and similar solid articles are cast in sand 
moulds, enclosed in iron frames or boxes, each mould requir- 
ing an upper and lower box. A mould is formed by press- 
ing sand firmly round a wooden j^atiern, which is afterwards 
removed, and the melted metal poured. into the space thm? 
left through apertures made for the purpose. 

The moulds for ornamental work and for hollow castings 
are of a more complicated construction, which will be better 
understood from actual inspection at a foundry than from 
any written description. 

Almost all irons are improved by admixture with others, 
and, therefore, where superior castings are required they 
should not be run direct from the smelting furnace, but the 
metal should be re-melted in a cupola furnace, which gives 
the opportunity of suiting the quality of the iron to its in- 
tended use. Thus, for delicate ornamental work, a soft and 
very fluid iron will be required, whilst, for girders and cast- 
ings exposed to cross strains, the metal will require to be 
harder and* more tenacious. For bedplates and castings 
which have merely to sustain a compressing force, the chief 
point to be attended to is the hardness of the metal. 

Castings should be allowed to remain in the sand until 
eool, as. the quality of the metal is greatly injured by the 
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rapid and irregular cooling which takes place from exposure 
to air if removed from moulds in a red hot state, which is 
sometimes done in small foundries to economise room. 

The Scotch iron, which is so much esteemed for hollow 
wares, and has a licautifully smooth surface, is much used 
in the United States. The Scotch iron is softer, runs closer, 
and is used much for plates which require smoothness, for 
steam-engine cylinders, and work of like character, which 
requires closeness^ or soundness; it is also mixed with our Ame- 
rican iron. The Eastern iron is the best used in the United 
States for positions requiring great strength. The iron 
from the West is more like Scotch. 

The Welch iron is principally used for conversion into bar 
iron. 

1^6. The conversion of forge pig into bar iron is effected 
by a variety of processes, which have for their object the 
freeing the metal from the carbon and other impurities com- 
bined with it, so as to produce as nearly as possible the pure 
metal. We do not purpose to enter in these pages into any 
of the details of the manufacture of bar iron, or of its con- 
version into steel, as our business is rather with the iron- 
founder than the manufacturer ; it may, however, be projmr 
to state that now processes have lately been patented, by 
which malleable iron and steel may be produced directly from 
the ore, without the use of the smelting furnace, a plan 
which is likely to be attended with beneficial results, both us 
regards economy and quality of metal, 

177, Lead . — Lead is used by the mason for securing dowels, 
coating iron cramps, and similar purposes, see section lY., 
Plumber. 

Lead is also used by the smith in fixing iron’ railings, and 
other work where iron is let into stone ; but the use of lead 
in contact with iron is always to be avoided, if possible, as 
it has an injurious effect upon the latter metal, the part in 
contact with the lead becoming gradually softened. 
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The chief value of lead, however, to the builder, is as a 
covering for roofs, and for lining gutters, cisterns, &c., for 
which uses it is superior to any other metal. For these pur- 
poses the lead is cast into sheets, and then passed between 
rollers in a fiaUing-miLl^ until it has been reduced to the re- 
quired thickness. 

Cast-had is often made by plumbers themselves from old 
lead taken in exchange ; but it is very inferior to the milled 
had of the manufacturer, being not so compact, and often 
containing small air-holes, which render it unlit for any but 
inferior purposes. 

178. Copper. — See Section lY., Coppersmith. 

179. Zinc. — See Section lY., Zineworker. 

180. Brass is an alloy of the copper and zinc, the best 
nroportioiis being nearly two parts of copper to one of zinc. 

181. Bronze is a compound of metal, composed of copper 
arid tin, to which are sometimes added a little zinc and lead. 

The best proportions for casting statues and bas-reliefs 
appear to be attained when the tin forms about 10 per cent, 
of the alloy. 

By alloying copper with tin, a more fusible metal is ob- 
tained, and the alloy is much harder than pure coppcir ; but 
considerable management is required to prevent the copper 
from becoming refined in the process of melting, a result 
which has frequently happened to inexperienced founders. 

182. Bdl-nmtal is composed of copper and tin, in the pro- 
portion of 78 per cent, of the former to 22 per cent, of the 
latter. 

183. Cast iron lintels and columns are in common use in 
our cities. Cast iron blocks are also frequently used for the 
arches of bridges. Iron chains are used with advantage 
under the roofs of circular buildings. 
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STONE. 

184. Granite rock appears to have been originally a fused 
mass, and subsequently to have undergone the process of 
crystallization. It is of a granulcbr structure, that is, con- 
sisting of separate grains of different substances, united, ap- 
parently, without the aid of any intermediate matter or ce- 
ment. These substances are quartz, felspar, and nim, each 
of these being a compound. The infinite variety of propor- 
tions in which their several constituent elements arc united 
in the mass, occasions the great diversity of color, and of 
appearance of the several kinds of granite, and also affects 
in a much .more important manner the enduring character- 
istics of this valuable material. Thus, its color varies from 
light grey to a dark tint closely resembling black, and is to 
be found of all shades of red, and many green. Of the con- 
stituents of granite, quartz is a substance of a glassy appear- 
ance, and of a grey color, and is composed of a metallic base 
silidwni and oxygen : felspar is also a crystalline substance, 
but commonly opaque, of a yellowish or pink color, com- 
posed of silicious and aluminous mattter, with a small pro- 
portion of lime and potash ; mica, a glittering substance, 
principally consists of clay and flint, with a little magnesia 
and oxide of iron. Instead of the mica, another substance 
called hornlknde, is found in some granites ; hornblende is a 
dark crystalline substance, composed of flint, alumina, and 
magnesia, besides a large poportion of the black oxide of 
iron. Granites in which hornblende exists are sometimes 
called Syenite, having first been found in the island of Syene 
vn Egypt. 

185. Granite is found in mountain-chains, and usually in 
rugged outlines, in nearly all parts of Europe and America. 
Although all granites are similar in structure, the difference 
in the proportions of its constituent substances occasions 
great dilference in its enduring and useful properties. Some 
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varieties are exceedingly friable and liable to decomposition, 
while others, including that known as Sieiiite, suffer but im- 
perceptibly from moisture an'd the atmos])liere. The com- 
pact nature of a close-grained granite, having the felspar 
highly crystallized and free from stains or cracks, seems well 
calculated to resist the effect of air and water. 

186. SlnU . — The geologists recognised four kinds of slate, 
mica sink, talcows slate, fimty slate, and common or clay slate. 
Of these the last only is a material of extended use in the 
arts of building and construction. Clay slate, as its name 
implies, consists chiefly of clay in an indurated condition, 
and occasionally containing particles of mica and quartz, 
and in some of the coarser kinds, grains of felspar and other 
fragments of the primary rocks. In the extreme admixture 
of these foreign substances, clay slate approaches the nature 
of the rock known as grey wacke. The beds of clay slate 
are invariably stratified, the thickness of the strata, how- 
ever, varying from a fraction of an inch to many feet. Its 
laminar texture admits a ready separation into thin plates, 
and thus endows it with a supreme value for roofing and 
other purposes, in which great density and comparative im- 
permeability are required to coexist with a minimum thick- 
ness and weight. The weight of slates varies from 1^4 to 
119 lbs. per cubic foot. 

181. SaTidstones . — These rocks, belonging, geologically, 
to various positions in the order of the strata of which the 
exterior of the earth is composed. Sandstones are princi- 
pally silicious, and possess various degrees of induration. 
These stones weigh from 140 to 160 lbs. per cubic foot. 

188. From the nature of the composition of sandstones, it 
results that their resistance against, or yielding to, the de- 
composing effects to which they are subjected, depends to a 
great extent, if not wholly, upon the nature of the cementing 
Hubfitance by which the grains are united ; these latter 
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being comparatively indestructible. From tbe nature of 
rlieir formation, sandstones are usually laminated, and more 
especially so wlien mica is present, the plates of which are 
generally arranged in planes parallel to their beds. Stones 
of this description should be carefully placed m constructions, 
so that these planes of lamination may be borizontal, for if 
placed vertically, the action of decomposition will occur in 
flakes, according to the thickness of the laiiiime Indeed, 
the best way of using all descriptions of stone is m the same 
position which tliey had in the quarry ; but this becomes an 
imperative rule with those of laminated structure. 

189. Uniformity of color is a tolerably correct criterion 
of uniformity of structure, and tins constitutes, other circum- 
stances being equal, one of the practical excellencies of 
building stones. The great injury occasioned to these ma- 
terials by their absorption of moisture, leads properly to a 
preference for such stones as resist its introduction, for all 
above ground purposes. Those which imbibe and retain 
moisture are especially liable to disruption by frost, if ex- 
posed. The simplest method of finding out the disposition 
of stone to imbibe moisture is to immerse it for a lengthened 
period of time in water, and to compare the weight of it be- 
fore and after such immersion. 

190. Liimstones . — ^The class of limestones, including the 
magnesian limestones and the oolites, is one of extreme im- 
portance in the building arts, comprehending some of the 
most advantageous materials of construction, and combining 
great comparative durability with peculiar facilities for 
working, m which they surpass the sandstones. Of the lime- 
stones and the oolites, the principal material is carbonate of 
lime. The magnesian limestones contain a quantity of car- 
bonate of magnesia, in some cases nearly equal to that of 
carbonate of lime. 

191. It is remarked that magnesian limestone appears 
cjapable of resisting deeomposmg action in proportion as its 
fetaructure is crystalline. 
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SLATE. 

192. Section IT. 


GLASS. 

193. Sm Section IT. 

BRICKS AXn TILEISL 

194. According to the Bible^ burnt bricks were used fi 

I he Tower of Babel. 

In Egypt, bricks were made of clay, mixed with dried 
*traw, and dried in the sun. 

195 Tile usual form of a brick is a paralellopipedoii, 
about 9 in. long, 4| in broad, and 2^ to 3 in. thick — the exact 
ilm rarjing with the construction of the clay The thick- 
ness need not bear any definite proportion to the length and 
breadth, but these last dimensionts require nice adjustment, 
m the length should exceed twice the breadth by the thick- 
ness of a mortar joint. 

196. The laairnfaeture of tile* is similar to that of bricks, 
the principal difference arhing from the thinness of the ware. 

Fating f^es may considered simply a thin brick. 

Mmjfijig fik\ are of tv>o kinds : pantiles, which are of a 
fUTYed shape, and plaint ile^, which are flat, the latter being 
often made of oriiainental shapes so as to form elegant pat- 
terns when kid on a roof. 

Pantiles are moulded flat, and afterwards bent into their 
reqalre«l shape on the mould. Plaintiles were formerly made 
with holes in them for the reception of the tile-pins, by which 
they were hung on the laths ; but the common method now 
is to tarn down a couple of nibs at the head of the tile, 
which answer the same purpose. 

III. Brmming iiks are the coarsest kind of ^rthenware. 
lliej are of farious shapes, and are made in vaxioiis ways. 

Its. ditss. iStf Section IT. 

Iti. Coiore and ?araish^ S&t 
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SECTION IIL 

STRENGTH OF MATERIALS. 

'iJOO. There are three principal actions to which the 
\crials of a building are exposed. 

1st. Camp'mion — as the case of the stones in a wall. 
2ud. Tension — as in the case of a king-post or tie-beam, 
3rd. Cross-strain — as in the case of a bressummer, floor- 
joists, &;c. 

The last of the three is the only one against which pre- 
cautions are especially necessary, as in all ordinary cases the 
resistance of the materials used for building is far .beyond 
any direct crushing or pulling force that is likely to be 
brought upon them. 

201. 1st. Resistance to Compression. — The following table 
shows the force required to crush 1| in. cubes of several 
kinds of building material: — 

Iba. 

Good brick . . 181t Portland stone . . 10,284 

Derbyshire grit . Granite “ . . . 14,300. 

These amounts so far exceed any weight that could have 
to be borne on an equal area, under ordinary circumstances, 
that it is quite unnecessary in the erection of a building to 
make any calculations on this head when using these or 
similar materials. 

Cast iron maybe considered as practically incompressible ; 
wrought iron may be flattened under great pressure, but 
cannot be crushed. Timber may be considered, for practical 
purposes, as nearly incompressible, when the weight is ap 
plied in the direction of the fibres, as in the case of a wooden 
story-post ; but the softer kinds, as fir, offer little resistance, 
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wlieu the weight is applied at right angles to the fibres, as 
ill the case of the sill of a partition j and, beside this, timber, 
however well-seasoned, will always shrink, more or less, in 
the direction of its thickness, so that no important bearings 
slioulcl be trusted to it. 

202. 2nd. Resistance to Tendon . — The principal building 
materials that are required to resist direct tension are timhef 
and wrought iron. 

The following table shows the weight in tons required lo 
tear asunder bars 1 inch square of the ollowing materials : — 


Tons. 

Oak 5 1-6 

Fir 

Cast iron 

Wrought iron 10 

Wrought copper 15 

English bar iron 25 

American iron 3*7^ 

Blistered steel 59| 


Cast iron, however, although included in the above tal)le, 
is an unsuitable material for the purpose of resisting tension, 
being comparatively brittle. With regard to timber, it is 
practicably impossible to tear asunder a piece of even mo- 
derate size, by a force applied in the direction of the fibres, 
and therefore the dimensions of king-posts, tie-beams, and 
other timbers which have to resist a pulling force, are regu- 
lated by the necessity of forming proper joints and connec- 
tions with the other parts of the framing to which they be- 
long, rather than by their cohesive strength. But it must 
be borne in mind, that although the strength of all kinds of 
timber is very great in the direction of the fibres, the lateral 
cohesion of the annual rings is in many kinds of wood very 
slight, and must be assisted by iron straps in all doubtful 
cases. The architects of the middle ages executed their 
magnificent wooden roofs without these aids, but they worked 
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!e oak, and not in soft fir, which would split and rend if 
treated in the same way. 

Wroibght iron is extensively lised for bolts, straps, tie-rods, 
and all purposes which require great strength, with small 
sectional area ; one-fourth of the breaking weight is usually 
said to be the limit to which it should be strained ; but, in 
all probability, this amount might be doubled without any 
injurious eftects. 


STRENGTH OF BEAMS. 

203. 3rd. Cross Strain , — In calculating the strength of 
beams when exposed to cross or transverse strain, two prin- 
cipal considerations present themselves: 1st. The mechanical 
effect which any given load will produce under varying con- 
ditions of support: and 2ndly. The resistance of the beam, 
and the manner in which this is affected by the form of its> 
section. 

204. 1st. Mechanical Effect of a given Load nndesr varyimg. 
Circumstances . — If a rectangular beam be supported at each 
end and loaded in the middle, the strength of the beam,, its 
section remaining the same, will be inversely as the distance 
between the supports, the weight acting with a leverage 
which increases at this distance * If a beam be fixed, at one 

Fig, 10, 



* It may be as well to observe that, although this is true as to the strength of 
beams under ordinary circumstances, it does not hold good when the loading is 
carried to the breaking point, the dehection of the beam causing an increase or 
diminution of the leverage according to the mode of support. The difference of 
strength arising from this cause is, however, too triflir^ to be taken into considein- 
ation, except in delicate experiments on the ultimate strength of beams. 

32 
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end and weighted at the other (fig. 70), its strength will be 
half that of a similar beam of double the length supported 
as first described (fig. 71). 'A parallel case to this is that 
of a beam supported in the middle and loaded at the ends 
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These results maj be simply expressed thus : 

Let 5 be the weight which would break a beam of giren 
length and scautliiig fixed at one end and loaded at tiie 
other : 

then 2 s would break the same beam fixed at one end and 
uniformly loaded : 

4 $ would break the same beam supported at each end 
and loaded in the middle : 

6 i' would break the same beam fixed at each end and 
loaded in the middle : 

8 « would break the same beam supported at each end 
and uniformly loaded : 

12 s would break the same beam fixed at each end and 
uniformly loaded 


Fig, U, 


205. 2d. Resistance of the Beam , — If a beam be loaded sc 
as to produce fracture, this will take place about a centre or 
neutral axis, below which the fibres will be torn asunder, and 
above which they will be crushed. This may be very clearly 
illustrated by drawing a number of parallel lines with a soft 
pencil on tlic edge of a piece of India rubber, and bending 
it round, when it will be seen that the lines are brouglit 
closer together on the concave, and stretched further asunder 
on the convex side, whilst, between 
the two edges, a neutral line may be 
traced, on which the divisions remain 
of the original size, which neutral line 
divides the fibres that are subjected 
to compression from those in a state 
of tension {see fig. 14). 

The resistance of a rectangular beam will, therefore, 
depend, 1st, on the number of fibres, which will be propor- 
tionate to its breadth and depth j 2d, on the distance of 
those fibres from the neutral axis, and the consequent lever- 
age with which they act, which will also be as the depth , 
and, lastly, on the actual strength of the fibres, which will 
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vary with different materials, and can only be determined 
approximately from actual experiments on rectangular beams 
of the same material as those* whoso strengtli is required to 
be estimated. 

The actual strength of any rectangular beam will, there- 
fore, be directly as its breadth multiplied by the square of 
the depth, and inversely as its length ; or, calling s the 
transverse strength of the material, as in art. 1^1, b the 
breadth, d the depth, I the length between the supports, and 
W the breaking weight : 

sb 

W= . 

I 

The following may be taken as the value of a* for iron and 
timber, the length being taken in feet, the breadth and depth 
in inches, and the breaking weight in pounds. 

Constant muHiplU*r Constant multiplier 

for rectangular beams for rt*ctangular beams 
fixed at ono end and looac-ly supported at 
loaded at the othi^r. the ends and loaded 

• in the middle. 

Wrought iron 512 ) ( 2048 

Cast ditto 600 >- X 4 4 2000* 

Fir and English oak 100 J ( 400 

It must be remembered that the numhei's here given 
indicate the breaking weight, not more than one-third of 
which should ever be applied in practice. Timber is per- 
manently injured if more than even one-fourth of the break- 
ing weight is placed on it, and, therefore, this limit should 
never be passed. 

A single example will suffice to show the importance of 
the principles just explained, and the lamentable results that 
may follow from ignorance of them. If we take a fir bind- 
ing-joist, say 9 in. X 4 in., which is to have a bearing of 
12 ft. between its supports, and place it edgeways, it will re- 
quire to break it a weight = 400 X 4 X 9^ 

=10,800 lbs. I 

12 


• The above is an average value calculated from a great number of pubUaiMi 
expenmeucs on different irons. 
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but if, for the purpose of gaining height, we place it flat- 

400 + 9 + 42 

ways, it will break with a weight = = 4, 8 00 lbs , 


or less than one-half. 


12 


206. We may see from this example that the shape of any 
beam has a great influence on its strength ; and in making 
beams of iron, which can be cast with great facility in any 
required shape, it becomes an important question how to 
obtain the strongest form of section with the least expendi- 
ture of metal. 

The usual section given to cast-iron girders is that of 
a thin and deep rectangular beam, with flanges or pro- 
jections on each side at top and bottom ; where the 
strength of the metal will be most effective, as being at 
the greatest possible distance from 
Ftg, 78. neutral axis ffig. 78). 

The great question now is, what 
should be the relative thickness of 
the top and bottom flanges, the 
centre part of the beam having 
been made as thin as is consistent 
with sound casting ? 

If the metal were incompressible, the top flanges might 
be infinitely thin ; if incapable of extension, the bottom 
ones might be indefinitely reduced. If it offered equal 
resistance to tension and compression, the neutral axis would 
occupy the centre of the beam, and the top and bottom 
flanges would require to be of equah strength. 

We are indebted to Mr. Eaton Hodgkinson for the 
publication* of a valuable set of experiments conducted by 
him, having for their object the determination of the position 
of the neutral axis in cast-iron beams. The result of his 

♦ Experimental Researches on the Strength and other Propertiefl of Cast lro% 
•to. 1846. WiuuB. 
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experimenls is, that in cast-iron rectangular beams, the 
position of tlie neutral axis at the time of fracture is at about 
one-seventh of the whole depth of the beam below its upper 
surface. Hence, in girders with flanges, the thickness of 
the bottom flanges should be six times that of the uppei 
ones ("supposing them to be of the same width), in order tc 
obtain the greatest strength with the least metal. Practically 
it would be almost impossible to cast a beam thus proportioned, 
and, therefore, the top flanges are made of the same thick- 
ness, or nearly so, as the bottom ones, but of a less width, 
so as to contain the same relative quantity of metal, dis- 
posed in a more convenient form for casting (fig. 75). 

The difficulty of making sound castings where the parts 
are of unequal thickness also renders it necessary to make 
the thickness of the middle rib nearly equal to that of the 
flanges. 

207. To calculate the strength of a cast-iron beam, the 
sectional area of whose top flanges is 1-6 of that of the bottom 
ones, we must find that of a rectangular beam of the same 
extreme depth and width, and deduct from it the resistance 
of the portions omitted between the top and bottom flanges 
ffig. t5). 

If we call the whole • width of the bottom of the beam, 
W, the sum of the widths of the two bottom flanges, w, the 
whole depth of the beam, D, and the vertical distance 
between the flanges, d (on the supposition that the top 
flanges are of the same widths as the bottom ones, and 1-6 of 
their thickness, as shown by the dotted lines in fig. 78), the 
distance between the supports, /, the strength of the material, 
s, and if the weight required to break a beam when loosely 
supported at the ends and loaded in the middle be called x, 

(W D2 — w d^) s 

Then a; = ^ 

I 

and il we take the length in feet and the other dimensions 
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in inches, and call ^ = 560 lbs., which is not too much for 
the best Staffordshire irons ; then 

W D2 — w 

i 5 = 2,240 lbs. = 1 ton ; and therefore = 

i 

breaking weight in tons. 

The value of d in this rule will be D — 1-6 of the thickness 
of the bottom flanges, and so long as the sectional area of 
the top flanges is more than 1-6 of that of the bottom ones*, 
the rule may be applied to girders of variously proportioned 
flanges, as the additional strength gained by increasing the 
size of the top flanges beyond the proportion here named is 
very small in proportion to the metal used, and, in neglecting 
to take it into account, we are sure to err on the safe side. 

208. It must not be supposed, that because increasing the 
thickness of the top flanges does not materially increase the 
resistance to vertical pressure, it is on that account useless : 
on the contrary, where a beam is of considerable depth in 
proportion to the widths of the bottom flanges, it will often 
be desirable to make the top flanges more than 1-6 of the 
bottom ones, in order to prevent the girder from twisting 
laterally, and to increase the resistance to any side thrust to 
which it may be exposed from brick arches or otherwise. 

209. In practice, it is not desirable to load iron girders 
beyond J of their ultimate strength, and they should be 
proved before use by loading them to this extent or a little 
more, but care should be taken never to let the proof exceed 
I me breaking weight, as a greater load than this strains 
and distresses the metal, making it permanently weaker. The 
ultimate strength of a girder of the usual proportions may 
be approximately ascertained from its deflexion under proof 

* It must be remembered that in making the top flanges narrower than the 
bottom ones for convenience of casting, as the bulk of the metal is brought nearer 
to the neutral axis by so doing, the sectional area of the top flanges must be rather 
more than 1-6 of that of the bottom ones, in order to keep the position 'jf the ueutnili 
axis the same as in a rectangular beam. 
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on tbe assumption that a load equal to half the breaking 
weight will cause a deflection of l-480th of its length. 

210. Trussed Timber Beam . — ^Timbers exposed to severe 
strain require to be trussed with iron, and this may bo done 
in two ways ; 1st, by inserting cast-iron struts, as in fig. '1 6, 
thus placing the whole, or nearly the whole, of the wood- 


Fig. 76. 


^ 












work in a state of tension ; 2d, by wrought-iron tension 
rods, as in fig. 77, which take the whole of the tension, 


Fig. 77. 



whilst the timber is thrown entirely into compression. The 
latter mode of trussing is now very extensively used in 
strengthening the carriages of traveling cranes and for 
similar purposes ; and, by its use, a balk of timber which 
will barely support its own weight safely without assistance, 
may be made 'to carry a load of many tons without sensible 
deflection. 

STRENOTH OF STORY-POSTS AND OAST-IRON PILLARS. 

211. When a piece of timber, whose length is not less 
than 8 or 10 times its diameter, is compressed in the direction 
of its length, as in the case of a wooden story-post support- 
ing a bressummer, it will give way if loaded beyond a certain 
point, not by crushing, but by bending, and will ultimately 
be destroyed by the cross-strain, just as a horizontal beam 
would be by vertical pressure applied at right angles to the 
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fibres. The rules for determining the dimensions of a piece 
of timber to support a given weight without sensible flexure 
are very complicated, and are of little practical value, as 
they depend upon the condition that the pressure is exactly 
in the direction of the axis of the post — a condition rarely 
fulfilled in practice. 

212. Wooden story-posts have been to a great extent 
superseded by the use of cast-iron pillars, which possess great 
strength with a small sectional area, and arc on that account 
particularly well adapted to situations where it is of con- 
sequence to avoid obstructing light, as in shop-fronts. 

In determining the design of a cast-iron pillar, whose 
length is 20 or 30 times its diameter, two points have to be 
considered : 1st, the liability to flexure ; 2d, the risk of the 
ends being crushed by the load not acting in the direction 
of the axis of the pillar. 

The resistance to flexure is greatly 
increased by enlarging the bearing surface 
at the ends of the pillar, as in fig. 18, 
which, on the other hand, increases the 
liability of the ends to fracture, in the 
event of the load being thrown on the side instead of on the 
centre of the column, by any irregular settlement of the 
building. The judicious architect will, therefore take a 
mean course, swelling out the capitals and bases of his cast- 
iron pillars enough to prevent their shafts from bending, but 
at the same time avoiding any thin flanges or projections, 
which might be liable to be broken. No theoretical rule for 
determining the proportions of a cast-iron pillar depending 
on the weight to be supported can be depended on in 
practice. The real measure of the strength of a cast-iron 
story post must be the power of resisting any lateral force 
which may be brought against it ; and as a slight side blow 
will suffice to fracture a pillar which is capable of supporting 
a vertical pressure of very many tons, we have only to make 


Fzg. 78. 

JL 



394 


RUDIMENTS OF THE 


sure of the lateral strength, and we are quite certain to he 
on the safe side as regards any vertical pressure which it may 
have to sustain. 

213. Besides the above cases of transverse strain, there 
are others arising from irregular settlements, which are 
amongst the greatest difficulties with which the builder has 
to contend. Thus, to take a familiar instance, the window 
sills of a dwelling-house are often broken by the settlement 
of the brick-work being greater in the piers than under the 
sills, from the greater pressure on the mortar joints ; and 
this will take place with a difference of settlement which can 
scarcely be detected, even by careful measurement*. We 
need not here enlarge on this subject, as we have several 
times in the preceding pages had occasion to notice both the 
causes of irregular settlement, and the pn.raution^i to be 
taken for its prevention. 

The strength of materials to resist torsion or twisting, as 
in the case of a driving shaft, is an important consideration 
in the construction of machinery, but is of little consequence 
in the erection of buildings,, and therefore need not bo noticed 
in these pages. 

* The reader need scarcely he told that a careful builder wll alirays defer pkhni/aQ 
mp hit sills until some time has been allowed for the settlement of the bnek-work 
but thia win not always prevent ultimate fracture. 
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SECTION lY. 

USE OF MATERIALS. 

EXCAVATOR. 

214. The digging required for the foundations of common 
buildings usually forms part of the business of the brick- 
layer, and is paid for at per cubic yard, according to the 
depth of the excavation, and the distance to which the earth 
has to be wheeled ; this being estimated by the run of 20 
yards. 

In large works, which require coffer-dams and pumping 
apparatus to be put down before the ground can be got out 
for the foundations, the work assumes a different character, 
and is paid for accordingly ; the actual excavation being only 
a small item of the total cost compared with those of 
dredging, piling, puddling, shoring, pumping, &:c. 

Tlie workmen required for the construction of coffer-dams 
and similar works are laborers of a superior class, accustomed 
to the management of pile-engines and tackle, and competent 
to the execution of such rough carpenter's work as is required 
in timbering large excavations. 

BRICKLAYER. 

215. The business of a bricklayer consists in the execution 
of all kinds of work in which brick is the principal material ; 
and in London it always includes tiling and paving with 
bricks or tiles. Where undressed stone is much used as a 
building material, the bricklayer executes this kind of work 
also, and in the country, the business of the plasterer is 
often united with the above named branches. 
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216. The tools of the bricklayer are the trowd, to take 
ap and spread the mortar, and to cut bricks to the requiste 
length : the hrkk axe, for shaping bricks to any required 
bevel ; the tin saw, for making incisions in 'bricks to be cut 
with the axe, and a rul'bmg-sto'tie, on which to rub the bricks 
smooth after being roughly axed into shape. The jointer and 
the jointmg-rule are used for running the centres of the 
mortar-joints. The raJeer, for raking out the mortar from the 
joints of old brick-work previous to re-pointing. The 
hammer, for cutting chases and splays. The hanker is a piece 
of timber about 6 feet long, raised on supports t.o a con- 
venient height to form a table on which to cut the bricks to 
any required gauge, for which moulds and herds are required. 
The crowhar, pid-axe, and shovel are used in digging out the 
foundations, and the ramimr in punning the ground round 
the footings, and in rendering the foundation firm where it is 
soft by beating or ramming. 

To set out the work and to keep it true, the bricklayer 
uses the square, the levd, and the jpluml-rule ; for circular or 
battering work he uses templets and hattering-o’ules ; lines and 
■pins are used to lay the courses by ; and measuring-rods to 
take dimensions. When brick-work has to be carried up in 
conjunction with stone-work, the height of each course must 
be marked on a gauge-rod, that the joints of each may 
coincide. 

211 The bricklayer is supplied with bricks and mortar 
by a laborer, who carries them in a hod. The laborer also 
makes the mortar, and builds and strikes the scaffolding. 

218. The bricklayeris scaffold is constructed with stand- 
ards, ledgers, and putlogs. The standards are poles, from 
40 to 50 ft. long, and 6 or 1 in. diameter at the butt ends, 
which are fimly hi Ided in the ground. When one pole is 
not sufficently long, two are lashed together, top and butt, 
the lashings being tightened with wedges. The ledgers are 
horizontal poles placed parallel to the walls, and lashed to 
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the standarus for the support of the putlogs. The putlogs 
are cross pieces, usually made of birch, and about 6 ft. long, 
one end resting in the wall, the other on a ledger. On the 
putlogs are placed the scaffold boards, which are stout boards 
hooped at the ends to prevent them from splitting. 

A bricklayer and his laborer will lay in a single day about 
1000 bricks, or about two cubic yards. 

The tools required for tiling are — the lafMng-hammer^ with 
two gauge marks on it, one at 7, and the other at 7| inches j 
the iron lathing staff, to clinch the nails ; the Prowd, which is 
longer and narrower than that used for brick-work ; the 
losse, for holding mortar and tiles, with an iron hook to hang 
it to the laths or to a ladder ; and the striker, a piece of lath 
about 10 in. long, for clearing off the superfluous mortar at 
the feet of the tiles. 

219. Brick-work is measured and valued by the rod, or 
by the cubic yard, the price including the erection and use 
of scaffolding, but not centering to arches, which is an extra 
charge. 

Bricknogging, pavings, and facings, by the superficial 
yard. 

Digging and steining of wells and cesspools by the foot in 
depth, according to size, the price increasing with the depth. 

Plain tiling and pantiling are valued per square of 100 
feet superficial. 


MASON. 

220. The business of the mason consists in working the 
stones to be used in a building to their required shape, and 
in setting them in their places in the work. Connected with 
the trade of the mason are those of the Stonecutter, who hews 
and cuts large stones roughly into shape preparatory to their 
being worked by the mason, and of the Cewmr, who executes 
the ornamental portions of the stone-work of a building, as 
enriched cornices, capitals, &c. 

33 
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221. Where the value of stone is considerable, it is sent 
from the quarry to the building in large blocks, and cut into 
slabs and scantlings of the required size with a stone-mason’s 
saw, which differs from that used in any other trade in hav- 
ing no teeth. It is a long thin plate of steel, slightly jagged 
on the bottom edge, and fixed in a frame ; and, being drawn 
backwards and forwards in a horizontal position, cuts the 
stone by its own weight. To facilitate the operation, a 
heap of sharp sand is placed on an inclined plane over the 
stone, and water allowed to trickle through it, so as to wash 
the sand into the saw-cut. Of late years machinery worked 
by steam-power has been used for sawing marble into slabs 
to a very great extent, and has almost entirely superseded 
manual labor in this part of the manufacture of chimney- 
pieces. 

Some freestones are so soft as to be easily cut with a 
toothed saw worked backwards and forwards by two per- 
sons. 

The harder kinds of stones, as granites and gritstones, are 
brought roughly into shape at the quarry, with an axe or a 
scappling hammer, and are then said to be scaj[>pkd. 

222. The tools used by the mason for cutting stone con- 
sist of the mallet and cAuels of various sizes. The mason’s 
mallet differs from that used by any other artisan, being 
similar to a dome in contour, excepting a portion of the 
broadest part, which is rather cylindrical ; the handle is 
short, being only sufficiently long to enable it to be firmly 
grasped. 

In London the tools used to work the faces of stone are 
the point, which is. the smallest description of chisel, being 
never more than a quarter of an inch broad on the cutting 
edge ; the iTich tool; the boaster, which is 2 in. wide ; and 
the broad tool, of which the cutting edge is 3| in. wide. The 
tools used in working mouldings and in carving are of vari- 
ous sizes, according to the nature of the work. 

Besides the above cutting tools the mason uses the 
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hanker or bench, on which he places his stone for conveni- 
ence of working, and straight edges, squares, herds, and lem- 
flets, for marking the shapes of the blocks, and for trying 
the surfaces as the work proceeds. Any angle greater or 
less than a right angle is called a bevel angle, and a herd 
is formed by nailing two straight edges together at the 
required angle j a herd square is a square with a shifting 
stock which can be set to any required bevel. A templet is 
a pattern for cutting a block to any particular shape ; when 
the work is moulded, the templet is called a mould. Moulds 
are commonly made of sheet zinc, carefully cut to the profile 
of the mouldings with shears and files. 

For setting his work in place the mason uses the trowd, 
Hues, and pins, the square and lerd, and plumb, and battering 
rules, for adjusting the faces of upright and battering walls. 

2!23. The mason^s scaffold is double, that is, formed with 
two rows of standards, so as to be totally independent of the 
walls for support, as putlog holes are inadmissible in 
masonry. 

During the last ten years the construction of scaffolds 
with round poles lashed with cords has been entirely super- 
seded in large works by a system of scaffolding of square 
timbers connected by bolts and dog irons. 

The hoisting of the materials is performed from these 
scaffolds by means of a traveling crane, which consists of a 
double traveling carriage running on a tramway formed on 
stout sills laid on the top of two parallel rows of standards. 
The crab-winch is placed on the upper carriage, and, by 
means of the double motion of the two carriages, can be 
brought with great ease and precision over any part of the 
work lying between the two rows of standards. 

The facilities which are afforded by these scaffolds and 
traveling cranes for moving heavy weights over large areas, 
have led to their extensive adoption, not only in the erection 
of buildings, but on landing wharfs, masons and ironfouud 
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ers' yards, and similar situations, where a great saving of 
tiiue and labor is effected by their use. 

224. The movable derrick crane is also much used in 
setting mason^s work. It consists of a vertical post sup- 
ported by two timber backstays, and a long movable jib or 
derrick hinged against the post below the gearing. 

By means of a chain passed from a barrel over a pully at 
the top of the post, the derrick can be raised almost to a 
vertical, or lowered to an almost horizontal position, thus 
enabling it to command every part of the area of a circle of 
a radius nearly equal to the length of the derrick. This gives 
it a great advantage over the old gibbet crane, which only 
commands a circle of a fixed radius, and the use of which 
entails great loss of time from its constantly requiring to be 
shifted as the work proceeds. 

225. In hoisting blocks of stone they are attached to the 
tackle by means of a simple contrivance called a lewis ^ which 
is shown in fig. 19. 

A tapering hole having been cut in the upper surface of 
the stone to be raised, the two side pieces of the lewis are 
inserted and placed against the sides of the hole ; the centre 
parallel piece a is then inserted and secured 
in its place by a pin passing through all 
three pieces, and the stone may then be 
safely hoisted, as it is impossible for the 
lewis to draw out of the hole. By means 
of the lewis, in a slightly altered form from 
that here shown, stones can be lowered and 
set under water without difficulty, the lewis 
being disengaged by means of a line attach- 
ed to the parallel piece ; the removal of which allows the 
others to be drawn out of the mortice. 

226. In stone-cutting, the workman forms as many plane 
fiaces as may be necessary for bringing the stone into the 


Fig, V9. 
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required shape, with the least waste of material and labor, 
and on the plane surfaces so formed applies the moulds ta 
which the stone is to be worked 

To form a plane surface, the mason first knocks off the 
superfluous stone along one edge of the block, as a, I ffig. 

80), until it coincides with a 
* straight edge throughout its 
whole length ; this is called 
a chisel draught. Another 
chisel draught is then made 
along one of the adjacent 
edges as h, c, and the ends of 
the two are connected by ano- 
ther draught, as ^ c; a fourth draught is then sunk across 
the last, as h, d, which gives another angle point d, in the 
same plane with a h, and c, by which the draughts d a and 
a c can be formed ; and the stone is then knocked off be- 
tween the outside draughts until a straight edge coincides 
with the surface in every part. 

To form cylindrical or moulded surfaces curved in one 
direction only, the workman sinks two parallel draughts at 
the opposite end of the stone to 
Fig. 81. worked, until they coincide 

with a mould cut to the required 
shape, and afterwards works off 
the stone between these draughts, 
by a straight edge applied at 
right angles to them (fig. 81). 
The formation of conical or 
spherical surfaces is much less simple, and require a know- 
ledge of the scientific operations of stone-cutting, a description 
of which would be ifnsuited to the elemetary character of 
these pages. 

22t. The finely-grained stones are usually brought to a 
poiooth face, and rubbed with sand to produce a perfectly 
f ven surface. 



Fig. 80. 
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111 working soft stones, the surface is brought to a smooth 
face with the drag, wrnch is a plate of steel, indented on the 
edge like the teeth of a saw, to take off the marks of the 
tools employed in shaping it. 

The harder and more coarsely grained stones are generally 
tooled, that is, the marks of the chisel are left on their face. 
If the furrows left by the chisel are disposed in regular 
order, the work is said to be fair-tooled, but if otherwise, it 
may be random-tooled or ckiseded or boasted or pointed. If 
the stones project beyond the joints, the work is said to be 
rusticated. 

Granite and gritstone are chiefly worked with the scap 
pling hammer. In massive erections, where the stones are 
large, and a bold effect is required, the fronts of the blocks 
are left quite rough, as they come out of the quarry, and the 
work is then said to be quarry ^pitched. 

Many technical terms are used by quarrymen and others 
engaged in working stone ; but they need not be inserted 
here, as they are mostly confined to particular localities oe- 
yond which they are little known, or perhaps bear a different 
signification. 

228. When the mason requires to give to the joints of 
his work greater security than is afforded by the weight or 
the stone and the adhesion of the mortar, he makes use of 
joggles, dowels, and cramps. 

Stones are said to be joggled together when a projection 
is worked out on one stone to fit into a corresponding hole 
or groove in the other {see fig. 82) But w\h 

Fig. 82. occasions great labor and waste of stone, and 

^ dowdrjoggles are chiefly made use of, which are 

hard pieces of stone, cut to the required size, 
and let into corresponding mortices in the two stones to be 
joined together. 

Dowds are pins of wood or metal used to secure the 
Joints of stone-work in exposed situations, as copings, pin- 
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Bacles^ &c. The best material is copper ; but the expense 
of this metal causes it to be seldom used. If iron be made 
use of, it should be thoroughly thinned to prevent oxidation, 
or it will, sooner or later, burst and split the work it is in 
tended to protect. 

Dowels are often secured in their places with lead poured in 
from above, through a small channel cut in the side of the 
joint for that purpose ; but a good workman will eschew 
lead, which too often finds his way into bad work, and will 
prefer trusting to very close and workmanlike joints, care- 
fully fitted dowels, and fine mortar ; dowels should be made 
tapering at one end, which ensures a better fit, and renders 
the setting of the stone more easy for the workman. 

Iron cra7nps are used as fastenings on the tops of copings, 
and in similar situations ; but they are not to be recom- 
mended, as they are, very unsightly, and, if they once become 
exposed to the action of the atmosphere, are powerfully de- 
structive agents. Cast iron is, however, less objectionable 
than wrought iron for this purpose. 

229 In measuring mason^s work, the cubic content of the 
stone is taken as it comes to the hanker ^ without deduction 
for subsequent waste. 

If the scantlings are large, an extra price is allowed for 
hoisting. 

The labor in working the stone is charged by the super- 
ficial foot, according to the kind of work, as plain work, sunk 
work, moulded work, &c 

Pavings landings, &c., and all stones less than three m. 
thick, are charged by the superficial foot. 

Copings, curbs, window sills, &c., are charged per lineal 
foot. 

Cramps, dowels, mortice holes, &c., are always charged 
separately. 

The remuneration of a stone-carver is dependent on hia 
talent, ahd the kind of work he is engaged upon. 
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CARPENTER. 

230 The business of the carpenter consists in framing 
timbers together, for the construction of roofs, partitions, 
floors, &c. 

281. The capenter’s principal tools are the axe, the adze, 
the saw, and the chisel, to which may be added the chalk, 
line, plumb-rule, level, and square. The work of the carpen- 
ter does not require the use of the plane, which is one of 
the principal tools of the joiner, and this forms the principal 
distinction between these trades, the carpenter being engaged 
in the rough frame-work, and the joiner on the finishings and 
decorations of buildings. 

232. The principles of framing have been already fully 
described in the 1st section of this work, and we shall, theie- 
fore, confine our remarks on the operations of the carpenter 
to a description of the principal joints made use of in framing. 

Timbers that have to be joined in the direction of their 
length, are scarfed, as shown in fig. 83 ; the double wedges. 
a a, serve to bring the timbers horn, when they are secured, 


Ftg. 83 . 



either by bolts, as shown at J J or by straps, as at c c, the 
latter being the most perfect and the most expensive fas- 
tening. 

Fig. 84 shows the maimer of connecting the toot of a 
principal rafter with a tie-beam. The bolt here shown keeps 


AKT OF BUILDIKO. 


405 


Mg. 84 


tlie rafter in its place, and prevents it from slipping away 
from the abutment cut for it, whicli, by throwing the thrust 
on the tenon, would probably split 
Fig, 85. rafter should 

be cut with a square butt, so 
that the shrinkage of the tim- 
ber will not lead to any settle- 
ment. 

The connection of the foot of 
a king-post with the tie-beam to 
be suspended from it is shown in 
fig. 85. 

The king-post should be cut somewhat short, to give the 
power of screwing up the framing after the timber has be- 
come fully seasoned The tie-beam may be suspended from 
the king-post, either by a bolt, as shown, or by a strap passed 
round the tie-beam and secured by iron wedges or cotters, 
passing through a hole in the king-post ; this last is the 
more perfect, but at the same time the more expensive of the 
two methods. 

Fig. 85 also shows the manner in which the feet of the 
struts butt upon the king-post. They are slightly tenoned 
to keep them in their places. The ends of a stmt should be 
out off as nearly square as possible, otherwise, when the tim- 
ber shrinks, which it always does, more or less, the thrust is 
thrown upon the edge only, which splits or crushes under the 
pressure, and causes settlement. 

This is shown out by the dotted lines on the right-hand 
aide of the cut. The dotted lines on the oppoate ride of the 
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figure show a siiuilar effect, produced hy tlie shrinkiug of the 
king-post, for which there is no preventive hut making it 
of oak, or some other hard wood. The same ohservationa 
apply to the connections of the principal rai‘t(u-H with tlie top 
of the king-post, which arc managed in a pr(H!isely similar 
manner. 

In figures 86, 81, and 88, are shown different methods 


Fig, 86. Fig, 87. 



of fixing purlins, which are sufficiently exphumid by iho 
figures to need no further description, 



In figures 44, 45, 46, and 4t, are shown the modes of 
framing the ends of binding joists into girders, and of (‘on- 
necting the ceiling joists with the binders ; and as tliese have 
been already described under the head of Floors,^^ it ih 
imneeessary here to say anything further on the subjoed. 
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Aj a general rnlej all timbers should be notched down to 
those on which they rest, so as to prevent their being moved 
either lengthways or sideways Where an upright post has 
to be ixed between two horizontal sills, as in the ease of the 
uprights of a common framed partition, it is simply tenoned 
into them, and the tenons secured wdth oak pins driven 
through the cheeks of the mortice. 

233. The carpenter reqmres considerable bodily strength 
for the handling of the timbers on which he has to work ; 
he should have a knowledge of mechanics, that he may under- 
stand the nature of the strains and thrusts to which his work 
is exposed, and the best method of preventing or resisting 
them ; and he should have such a knowledge of working 
drawings as will enable him, from the sketches of the 
architect, to set out the lines for every description of center- 
ing and framing that may be entrusted to him for execution. 

234. In meg^nring carpenters’ work the tenons are included 
m tne length of the timber : this is not the case in joiners’ 
work, in which they are allowed for in the price. 

The labor in framing, roofs, partitions, floors, Ac., is either 
valued at per square of 100 superficial feet, and the timber 
charged for separately, or the timber is charged as fixed in 
place,” the price varying according to the la^^or H 
“ cube fir in bond,” “ cube fir framed,” “ cube fir wrouguu 
and framed,” &c. For shoring | of the value of the timber 
is allowed fo** use and waste. 

SOIWER. 

235. The work of the joiner conrists in framing and 
jmmng together the wooden finishings and decorations of 
buildings, both internal and external, such as floors, stair- 
cases, framed-partitions, skirtings, solid door and window 
frames, hollow or ms^ window frames, sash'es and shutters, 
doors, eolomns and entablature chimnej-piecM^, &c., 
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The joiner^'? work requires much greater ac(mra(‘y and 
finish than that of the carpenter, and differs materially from 
it in being brought to a smooth surface with the phine 
wherever exposed to view, whilst in carpenterB^ work the 
timber is left rough as it comes from the saw. " 

230. The joiner uses a great variety of tools ; the principal 
cMtiing tools are saws^ plmies, and cMsds. 

Of saws there are many varii^ties, distinguiHhed from each 
other by tluur shape and by the siViO of the tet^th. 

The ripper has 8 tooth in 3 inches ; ihi) kalf-ripper tendh 
to the inch ; the hmd saw 15 teeth in 4 inches ; the pawl 
saw 6 teeth to the inch. 

The kmn saw^ used for cutting tenons, has about 8 teeth 
to the incli, and is strengthened at the l)ac.k by a thick piet^e 
of iron, to keep the blade from l)ucd<!ing. The sask saw is 
similar to tlio tenon saw, but is backed with brass insteatl of 
iron, and has IS teeth to the inch. The dovdail saw is still 
smaller, and has 15 tooth to the inch. 

Besides the above, other saws are used for particular pur- 
poses, as the compass saw^ fdr cutting circular work, and the 
hey-hoUsaw^toT cutting out small holes. The mmm saw is 
a largo kind of dovetail saw, having about 1 1 teeth to an 
ipch. 

23t. Planes are also of many kinds ; those (‘.ailed hendt 
planes — as the jack plane, tlm krying plane, the long plane, tlie 
jointer, and the smoothing plam, are used for bringing tlm 
stuff to a plane surface. The jack plane is a!)Out 18 irudies 
long, and is used for the roughest work. The trying plane 
is about 22 in. long, and used after the jack planer for trying 
m, that is, taking off shavings the whole length of the stuff ; 
whilst in using the jack plane the workman stops at every 
arm's-length. The long plam is 2 ft. 8 in, long, and is used 
when a piece of stuff is to be tried up very straight. The 
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yAmpr is 2 ft 6 in long, and is used for trying up or shooting 
the joivis, in the same way as tlie trying plane is used for 
trying up the face of the stuff. The smoothing ^lam is small, 
being only in. long, and is used on almost all occasions 
for cleaning off finished work. 

Rebate plams are used for sinking relates {see fig. 89), 
and ¥ary in their size and shape according to their respective 
uses. Rebate planes differ from bench planes 
in having no handle rising out of the stock, 
and in discharging their shavings at the side 
Amongst the rebate planes may be mentioned 
the moving fillister and the sash fillister^ the 
uses of which will be better understood by 
inspection than from any description. 

MovMing planes are used for stickmg mouldings, as the 
operation of forming mouldings with the plane is called. 
When mouldings are worked out with chisels instead of with 
planes, they are said to be worked ly hand. Of the class 
of moulding planes, although kept separate in the tool chest, 
are hollows and rounds of various sizes. 

There are other kinds of planes besides the above ; as the 
flxmghj for sinking a groove to receive a projecting tongue ; 
the head jfiane, for sticking beads ; the sni^pe hlf for forming 
quirks ; the compass fiaru and plane, for forming 

concave and convex cylindrical surfaces. The shape and use 
of these and many other tools used by the joiner will be 
better understood by a visit to the joiner^s shop than by any 
verbal description. 

238. Chisels are also varied in their form and use. Some 
are used merely with the pressure of the hand, as the paring 
chisel; others, by the aid of the mallet, as the sodid chisel*, 
for cutting away superfluous stuff ; and the mortm doM, for 
cutting mortices. The gouge is a curved chisel 

♦ Named from tlie iron forming a socket to receive a wooden han'dle 

34 


Fig. 89. 
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in 2 ft. i\ in. long, and in wmi for trying up or shootmg 
tlic jdtUs^ in tlu^ Kjunc way aw ilu^. l.ryiug piano is ximd for 
trying up tlu^ of tho Httiff. Olio mwlhhng plaw, is sinall, 
being only 1J in. long, and is uhihI on aliuont all ooeaHioiiB 
for tikauiiug off (IuIhIuhI work. 


F/g. 89. 


RdmU pkmn are uho<1 for Hiuking rdmks {see. fig. H9), 
and vary in their Hixoand nhapo aooording totlu'ir n‘Kp(M4ivo 
UH(‘K. Il<ibate plaiK^H dHlor from IkmicIi pbuuss 
ill having no handle rining out of tlu' stook, 
and in diHoharging their HhavingK at thoKide. 
AinongHt the ridiate planen may bo mmiUontai 
the mmmg fiHisttr and tlie sash JilHsfej\ the 
UKOH of whieh will be bettor underHtood by 
iimpevtion than from any deHoription. 



Minddmg plmm are uned for sticMitg mouldings, as the 
operation of forming mouldings with the plane is calhal 
When inouldingH are worked out with ohiHelH instead of with 
planes, tliey are sahl to he worked ijy kmL Of the (hiss 
of moulding planes, although kept separate in the tool chest, 
are hdlmm and romids of various siises. 


There are other kinds of planes besides the above 5 as the 
for siuking a groove to receive a projecting tongue ; 
the heMd for sticking heads ; the snipe* for formiug 
quirks ; the wmpass pkmuud ilw fnrhkj^ fkm^ for forming 
concave and convex cyllndrknil surfaces. The sliape and use 
of these and many other tools used by the joiner will be 
bett(‘r understood by a visit to the joiner’s shop than by any 
verbal d(^s(‘ripilom 

2BH. Ohisels are also varied in their form and use. Some 
are used merely with the pressure of the hand, as the 
ehM; others, by the aid of the mallet, as the stekd cMsd'^^ 
for euLting away supertluous stuff j and the mnHim ckkdf ibr 
cutting morticais, The gemge is a (uirved (ddsel. 

* Nimud Uhiw iU® Ipoa tePiiiluK a. isonkta to pwtulv# wootlwa Imutllf. 

84 
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2S9. The joiruvr \ihos a great variety of boring took, m 
the brad^awly gimlet, and stod* and bit. Tins lant form but 
one tool, the stocJc being the handle, to the bottom of whicdi 
maybe fitted a variety of steel bits of diflerent bor(‘H and 
shapes, for boring and widening out boles in wood and metal, 
as countersinks, rimers, and taper shell hits. 

240. The screw dmer, pincers, hammer, mallH, hakki, and 
adze, are too well known to need description. 

The gauge is used for drawing lines on a piece of stuff 
parallel to one of its edges. 

The beach is one of the most important of the joinerk im- 
plements. It is furnished with a vertical sideboard, perfo- 
rated with diagonal ranges of holes, whkdi retafive the 
bench pin on which to rest the lower end of a piiH'e of stuff 
to be planed, whilst the upper end is firmly clamped by the 
bench screw. 


The mitre box is used for cutting a piece of stuff to a mitre 
or angle of 45 degrees with one of its sides. 

The joiner uses for setting out and fixing his work*— the 
straight edge, the square, the bevel or square with a shifting 
blade, the mitre square, the level, and the plumb rule. 


Fig, 90. 


In addition to the tools and implements above enumerated, 
the execution of particular kinds of work reipnre other arti- 
cles, as cylinders, templets, erauips, &e,, 
the description of which would uunec.es- 
sarily extend the limits of this volmm‘. 

The principal operations of tlu^ joimu’ 
are sawing, planing, dovetailing, niort is- 
ing, and scribing. 

The manner of forming a davetaii is 
I 1 shown in fig 90. The projecting part, a, 

k called the pin, and the hole to receive it is called the 
9ocket> 
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Folding floors are laid by nailing down first every fiftb 
board rather closer together than the united widths of four 
boards, and ioreing the intermediate ones into the space 
left for them by jamping over them ; this method of laying 
floors is resorted to when the stuff is imperfectly seasoned 
and is expected to shrink, but it should never be allowed in 
good work. 

The narrower the stuff with w’hich a floor is laid the less 
will the joints open, on account of the shrinkage being dis- 
tributed over a greater number of joints. 

The floor boards may be nailed at their edges and grooved 
and tongued or do^elled, if it be wished to make a very 
perfect floor. Dowelling is far superior to grooving and 
tonguing, because the cutting away the stuff to receive the 
tongue greatly weakens the edges of the jomt, which are 
apt to curl. 

244. Glue is an article of great importance to the joiner ; 
the strength of his work depending much upon its adhesive 
properties. 

The best glue is made from the shns of animals ; that 
from the sinewy or horny partb being of inferior quality. 
The strength of the glue increases with the age of the ani- 
mals from which the skins are taken. 

Joiners^ work is measured by the superficial foot, accord- 
ing to its description. 

Floors by the square of 100 superficial feet 

Handrails, small mouldings, water-trunks, and fflooilar 
articles, per lineal foot. 

Cantilevers, trusses, cut-brackets, scrolls to handrails, &c., 
are valued per piece. 

Ironmongery is charged for with the work to which it is 
attached ; the joiner being allowed 20 per cent, profit upon 
the prime cost. 

The principal articles of irowmmgery used in a building 
consist of mds and screws, sask ptMes, boUs, Mnges, hc^ 
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kick&\ and sask skitter furniture, besides a great variety of 
miscellaneons articles, which we have not space to enumerate 

Of the different kinds of hinges may be mentioned hook and 
eye hinges, for gates, coach-house doors, &c ; butts and badir 
for doors and siintters ; crosss-garnefs of H form, which 
are used for hanging ledged doors, and other inferior work ; 
H and H — hinges, whose name is derived from their shape ; 
and parliamnt hinges. 

Besides these are used rmng butts, for hanging doors to 
rise over a carpet, or other impediment ; projecting butts, 
used when some projection has to be cleared, aod spnng 
hinges and swing centres for self-shutting doors. 

The variety of locks now manufactured is almost infinite 
We may mention the stock lock, cased in wood, for common 
work. Rim locks which have a metal case or rim, and are 
attached to one side of a door : they should not be used 
when a door has sufficient thickness to allow of a mortice 
lock, as they often catch the dresses of persons passing 
through the doorway. Mortice locks, as the name implies, 
are those which are morticed to the thickness of a door. 

The handles and escutcheons are called the furniture of a 
lock, and are made of a great variety of materials, as brass, 
bronze, ebony, ivory, glass, &c. 

Of latches, there are the common thumb latch, the how 
latch, with brass knobs, the brass pulpit latch and the mortice 
hick. 

The sawyer is to the carpenter and joiner what the stone- 
cutter is to the mason. 

The saw is a large two-handed saw fixed in a frame, 
and moved up and down in a vertical direction, by two men, 
eaJl.ed the top-man and the pit-man; the first of whom stands 
on the timber that is to be cut, the other at the bottom of 
the saw pit. The timber i& Uned out with a chalk line on its 
upper surface, and the accuracy of the work depends mainly 
m tibe keeping the saw to the line, whence the pro- 
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Terbial expression tof sawer^ meaning one wlio directs any 
undertaking. 

In sawing up ieals and battens into tliiekiiesses for tlie 
joiner’s iise^ the parallelism of the cuts is of the utmost im- 
portance, as the operation of taUng out of vinding, a piece 
of uneven stuff, causes a considerable waste of material, and 
much lo^s of time. 

Circular saws, moved by steam-power, are now- much used 
in large establishments, timber yards, &c., and effect a great 
saving of labor over the use of the pit saw, w’here the tim- 
bers to be cut are not too heavy to be easily handled. Th« 
saw is mounted in the middle of a stout bench, furnished 
with guides, by means of which the stuff to be cut is kept in 
the required direction, whilst it is pushed against the saw, 
which is the whole of the manual labor required in the ope- 
ration. 


SLATER. 

245. The business of the slater consists chiefly in covering 
the roofs of houses with slates, but it has of late years being 
very much extended by the general introduction of sawn 
slate, as a material for shelves, cisterns, baths, chimney- 
pieces, and even for ornamental purposes. 

We propose here to describe only those operations of the 
slater which have reference to the covering of roofs. 

246. Besides the tools which are in use among other arti- 
ficer, the slater uses one peculiar to his trade called the zax^ 
which is a Mud of hatchet, with a sharp point at the back. 
It is used for trimming slates, and making the holes by 
which they are nailed in their places. 

241. Slates are laid either on boarding or on narrow bat- 
tens, from 2 to 3 inches wide, the latter being the more 
common method, on account of its being less expensive than 
ttie other. 

Tlie T>mlg xmd should be either copper or anc; iron nMls, 
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tbougli sometimes used, being objectionable, from tbeir lia- 
bility to rust. 

Every slate should be fastened with two nails, except in 
the most inferior work. 


The upper surface of a slate is called its hack, the under 
surface the bed the lower edge the tail, the upper edge the 
}md. The part of each course of slates exposed to view is 
called the margin of the course, and the width of the margin 
is called the gauge 

The hcmd or la'p is the distance which the lower edge of 
any course overlaps the slates of the second course below, 
measuring from the nail-hole. 

In preparing slates for use, the sides and bottom edges 
are trimmed, and the nail-holes punched as near the head as 
can be done, without risk of breaking the slate, and at a 
uniform distance from the tail. 

The lap having been decided on, the guage will be equal 
to half the distance from the tail to the nail-hole, less the lap. 
Thus a countess slate, measuring 19 in from tail to nail, if 

19 in. — 3 in. 


laid with a 3 in. lap, would show a margin of- 
8 m. (iSeefigs. 99. 100.) 


2 


Fig. 99 . Fig. 100 . 



The battens are of course nailed on the rafters at the 
gauge to which the slate will work. If the slates are of 
different lengths, they must be sorted into sizes, and gauged 
accordingly, the smallest sizes being placed nearest the ridge 
The lap should not be le^ than 2, and need not exceed 3 in 
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It is essential to the soundness as well as the appearance 
of slaters’ work, that the slates should all be of the same 
width, and the edges perfectly true. 

The Welsh slates are considered the best, and are of a 
li<rht sky blue color. The Westmoreland slates are of a dull 
greenish hue. 

248. Slaters’ work is measured by the square of 100 su- 
perficial feet, allowances being made for the trouble of cut- 
ting the slates at the hips, eaves, round chimneys, &c. 

Slabs for cisterns, baths, shelves, and other sawn work, 
are charged per superficial foot, according to the thickness 
of the slab and the labor bestowed on the work. 

Rubbed edges, grooves, &c., are charged per lineal foot. 


Table of Sizes of Roofing Slates. 


DESCSipnoN 

Siz« 

Average 
gauge in 
inches 

No. of 
squares 
1200 will 
cover 

Wnght 
per 1200 
m tons 

No re- 
quired 
to cover 
one 
square 

No of 
nails 
required 
to one 
square. 

Length 

Breadth 


ft in 

ft m 






(Doubles . . 

1 1 

0 6 

5>< 

2 


480 

480 

jLadies . . . 

1 4 

0 8 

1 


Ik 

280 

280 

Countesses 

1 8 

0 10 

9 

7 

2 

176 

352 

[Duchesses 

2 0 

1 0 

10)^ 

10 

3 

127 

254 

jlmperials . 

2 6 

2 0 

) 





Bags and 

3 0 

2 0 

> a ton will cover 234 ^ ^34 ^uares.! 

j Queens 



) 





Westmore- 








lands, of 




do. 

2 


do. 

* various 








j siz^. 









loch slab per superficial weighs 14 lbs. 


PLASTERER. 

249. The work of the plasterer consists in covering the 
Imckwork and naked timber walls, ceilings, and partitions' 
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with plaster, to prepare them for painting, papering, or dis- 
tempering , and in lurming cornices, and such decorative 
portions of the finishings of buildings as may be required to 
be executed in plaster or cement. 

250. The plasterer uses a variety of tools, of which the 
following are the principal ones : — 

The drag is a three-pronged rake, used to mix the hair 
With the mortar in preparing coarse staff. 

The kmck is a small square board for holding stuff on, 
with a short handle on the under side. 

Trowels are of two kinds, the laying and smoothing tool, 
with which the first and the last coats are laid, and the 
gauging trowel, used for gauging fine stuff for cornices, &c. ; 
these are made of various sizes, from 3 to 7 in. long. 

Of floats, which are used in floating, there are three kinds, 
viz , the Derby, which is a rule of such a length as to require 
two men to use it ; the hand float, which is used m finl^hing 
stucco ; and the quirk Jloat, which is used in floating 
angles. 

Moulds, for running cornices, are made of sheet copper, 
cut to the profile of the moulding to be formed, and fixed in 
a wooden frame. 

StoppiTig and picking out tools are made of steel, 7 or 8 in. 
long, and of various sizes. They are used for modeling, 
and for finishing mitres and returns to cornices. 

251. Materials. — Coarse stuff, or lime and hair, as it is 
usually called, is similar to common mortar, with the addition 
of hair from the tanners^ yard, which is thoroughly mixed 
with the mortar by means of the drag. 

Fvm stuff is made of pure lime, slaked with a small 
quantity of water, after which, sufficient water is added to 
bring it to the consistence of cream. 

It is then allowed to settle, and the superfluous water 
being poured off, it is left in a binn or tub to remain io a 
iwnifluid state until the evaporation of the water has brought 
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It to a proper thickness for use In using fine stuff for 
setting ceilings, a small portion of white hair is mixed 
with it. 

Stucco is made with fine stuff, and clean-washed sand This 
is used for finishing work intended to he painted. 

Gauged stuff is formed of fine stuff mixed with plaster of 
Paris, the proportion of plaster varying according to the 
rapidity with which the wmrk is required to set Gauged 
stuff is used for running cornices and mouldings 

Enrichments, such as pateras, centre flow^ers for ceilings, 
4 fec.. are first modeled in clay, and afterwards cast of plast(‘r 
of Pans in wax or plaster moulds. Papier mache ornaments 
also are much used, and have the advantage of being very 
light, and being easily and securely fixed with screws. 

The variety of compositions and cements made use of by 
the plasterer is very great Roman cement, Portland cement, 
and lias cement, are the principal ones used for coating build- 
ings externally. Martin’s and Keene’s cements are w^ell 
adapted for all internal plastering w’here sharpness, hardness, 
and delicate finish are required. 

252. Ojperafions of Plastering — When bnck-w'ork is 
plastered, the first coat is called rendering. 

In plastering ceilings and partitions, the first operation is 
lathing. This is done with single, one and a half, or douhk 
laths ; these names denoting their respective thicknesses. 
Laths are made of wood: if hard wood, wrought iron 
nails are used, but cast iron may he employed with soft 
wood. The thickest laths are used for ceilings, as the strain 
on the laths is greater in a horizontal than in an upright 
position. 

Frzdtng up is the first coat of plastering of course stuff 
upon laths ; when completed, it is well scratched over witi 
the end of a lath, to form a key for the next coat. 

Laid work consists of a simple coat of coarse stuff over 
waff or ceiling. 
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Twihcoat i€i/rk is a clieap de>CTiptioii of plabteriiig^ in 
which tlic fir>t coat is ouly roughed over with a hroom, and 
afterm^ard^ sef with fine stuff, or with gauged stuff in the 
better deseri|itIoiis of work. 

The iajiiig on of the second coat of piastering is called 
jioatifig^ from its being floated, or brought to a phiiie surface 
w ith the float. 

The operation of floating is performed l^y surrounding the 
surface to be floated wnth narrow strip-* of plastering, called 
screeds, brought perfectly upright, or level, the ease may 
be, with the level or plumb-rule * thll^, in preparing for 
floating a ceiling, nails are driven in at the angles, and along 
the sides, about 10 ft apart, and cureiuliy adjusted to a 
horizontal plane, by means of the level Other nails are 
then adjusted exactly opposite to the ilr^t, at a distance of 
1 or 8 in. from them. The space between each pair of nails 
is filled up with coarse stuff, and leveled with a hand float ; 
this operation forms w’hat are called dots. When the dots 
are sufficiently dry, the spaces betw^eeii the dots are filled up 
flush with coarse stuff, and floated perfectly true with a float- 
ing rule; this operation forms a screed, and is continued until 
the ceiling is surrounded by one continuous screed, perfectly 
level throughout. Other screeds are then formed, to divide 
the work into bays about 8 ft. wide, which are successively 
filled up flush, and floated level with the screeds. 

The screeds for floating walls are formed in exactly the 
same manner, except that they are adjusted with the plumb- 
rale instead of the level. 

After the work has been brought to an even surface with 
the floating rule, it is gone over with the hand float, and a 
little soft stuff, to make good any deficiencies that may 
appear. 

The operation of forming screeds and floating work, which 
is not either vertical or horizontal, as a plaster floor laid 
with a fall, is analogous to that of taking the face of a stone 
out of winding with chisel-drafts and straight edges in stone* 
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cutting ; the principle being in each ca«!e to find three points 
in the same plane, from which to extend operations ouer the 
whole surface. 

Setting — ^Wlien the floating is about half dry, the setting 
or finishing coat of fine stuff is laid on with the smoothing 
trowel, which is alternately wetted with a brush and worked 
over with the smoothing tool, until a fine surface is obtained. 

Stucco is laid on with the largest trowel, and worked over 
with the hand float, the work being alternately sprinkled 
with water, and floated until it becomes hard and compact, 
after w’hich it is finished by rubbing it over with a dry stock 
brush. 

The water has the effect of hardening the face of the 
stucco, so that, after repeated sprinklings and trowelings, it 
becomes very hard, and smooth as glass. 

258 . The above remarks may be briefly summed up as 
follows. The commonest kind of work consists of only one 
coat, and is called renderings on brick-work, and hying, if 
on laths. If a second coat be added, it becomes two-coat 
work, as render-set, or htk lay and set. When the work is 
floated, it becomes three-coat work, and is render, float, and 
set, for brick- work, and hth, lay, Jioat, and set, for ceilings 
and partitions ; ceilings being set with fine stuff, with a little 
white hair, and wails intened for paper with fine stuff and 
sand ; stucco is used where the work is to be painted. 

Emigh stucco is a mode of finishing staircases, passages, 
&c., in imitation of stone. It is mixed with a large propor- 
tion of sand, and that of a coarser quality than troweled 
stucco, and is not smoothed, but left rough from the hand 
float, which is covered with a piece of felt, to raise the grit 
of the sand, to give the work the appearance of stone. 

Rough cast is a mode of finishing outside work, by dash- 
ing over the second coat of plastering, whilst quite wet, a 
layer of rough-cast, composed of well-washed gravel, mixed 
up with pure lime and water, till the whole is in a semifluid 
state. 
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Pug^ng b liiiirig the spacer between floor joists with 
:Oiirse staff, to pre\ent the pas«;age of soundy or between two 
aii(i is ilone on latlis or rough boarding. 

In the midkiicl di-tricts of England, reeds are much used 
iiihtead of laths, not onlj for ceilings and partitions, but foi 
fiuors, which are formed with a thick layer of coarse gauged 
stuff upon reeds. Floors of this kind are extensively used 
about Xottiiigham ; and, from the security against fire 
afforded by the absence of Tvooden floors, Nottingham houses 
are proverbially fire-proof 

254. Plasterer’s work is measured by the superficial yard ; 
eonii«*es by the superficial foot ; enrichments to cornices by 
the lineal fool ; and centre flow'ers and other decorations at 
per piece. 


MEMOEANDA. 

Lathing . — One bundle of laths and 384 nails will cover 5 
yards 

Rendering . — 1811 yards require 1| hundred of lime, 2 
double loads of sand, and 5 bushels of hair. 

Floating requires more labor, but only half as much 
material as rendering. 

Setiing. — 3*15 yards require 1| hundred of lime, and 5 

bushels of hair. 

Render Mt . — 100 yards require 1| hundred of lime, 1 
double load of sand, and 4 bushels of hair. Plasterer, 
laborei , and boy, 3 days each. 

Laik, Imj, and — 130 yards of lath, lay, and set, require 
I load of laths, 10,000 nails, 2| hundred of lime, 1| double 
load of sand, and I bushels of hair. Plasterer, laborer, and 
boy, 6 days each. 

SMITH AND IRONFOHNBER. 

255. The smith furnishes the various articles of wrought 
wm work in a building ; be piieshoes, straps, screw 
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bolts, dog-irons, chimney bars, gratings, wrcught-iron rail- 
ing, and wronght-iron balustrades for staircases. Wrought 
iron was formerly much used for many purposes, for which 
cast iron is now almost exclusively employed ; the improve- 
ments effected in casting during the present century having 
made a great alteration in this respect. 

The operations of the ironfouuder have been described in 
Section II of this volume, and therefore we have only here* 
to enumerate some of the principal articles which are 
furnished by him. 

Besides cast-iron columns, girders, and similar articles 
which are cast to order, the founder supplies a great variety 
of articles which are kept in store for immediate use ; as 
cast-iron gratings, balconies, rain-water pipes and guttering, 
air traps, coal plates, stoves, stable fittings, iron sashes, &c. 

Both wrought and cast-iron work are paid for by weight, 
except small articles kept in store for immediate use, which 
are valued per piece. 

lbs 

One cubic foot of cast iron weighs about 450 

Ditto wrought „ 4T5 

Ditto closely hammered 485 

256. The CojpjpersmUh provides and lays sheets of copper 

for covering roofs ; copper gutters, and rainwater pipes ; 
washing and brewing coppers ; copper cramps and dowels 
for stonemasons^ work ; and all other copper work in a 
building ; but the cost of the material in which he works 
prevents its general use ; and the washing copper is fre- 
quently the only part of a building which requires the aid 
of this artificer. Sheet copper is paid for by the superficial 
foot, according to weight, and pipes and gutters per lineal 
foot ; copper in dowels, bolts, &c., at per pound. 

25 T. Warmmg apparatus^ steam and^a^ JUtings, and simi- 
lar kinds of work, are put up by the mechanical engineer, 
who also manufacture a great variety of articles, which are 
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purchased in parts, and put together and fixed by the 
pinmber, as pomps, taps, water-closet apparatus, &c. 

258 The hdl-hanger and hangs the bells required 

for communicating between the different parts of a building, 
and connects them with their ^rUs, or handles, by means of 
cranks and wires. 

The action of the poll upon the bell should be as direct, 
and effected with as few cranks as possible ; and the cranks 
and wires should be concealed from view, both to protect 
them from injury, and on account of them unsightly appear- 
ance. 

In all superior work, the wires are conducted along con- 
cealed tubes, fixed to the walls before the plasterer’s work 
is commenced The simplest way of arranging the w'ires is 
to carry them up in separate tubes to the roof, where they 
may ail be conducted to one point, and brought down a 
chase in the walls to the part of the basement where the 
bells are hung, By this means very few cranks are required, 
and a broken wire can be replaced at time without 
trouble. 

259. Bell-hangers’ work is paid for by the number of bells 
bung ; the price being determined by the manner in which 
the work is executed. The furniture to the pulls is charged 
In addition, at per piece. 


PLUMBER. 

260. The work of the plumber chiefly consists in laying 
sheet lead on roofs, hning cisterns, laying on water to the 
different parts of a building, and fixing up pumps and water 
closets. 

261. The plumber uses but few tools, and those are of a 
^ple character ; the greater number of them being similai 
to those used by ocher artificers, as hammers j malleis, jdanes 

gouges, The principal tool peculiar to the 



AET OF BUILDING. 


425 


trade of the plumber is the hat, which is made of beech, 
about 18 in. long, and is used for dressing and flattening 
sheet lead. For soldering also the plumber uses iron ladles, 
of various sizes, for melting solder, and grazing irons, for 
smoothing down the joints. 

262. The sheet lead used by the plumber is either cast or 
milled, the former being generally east by the plumber him- 
self out of old lead taken m exchange ; whilst the latter, 
which is cast lead, flattened out between rollers m a flatting 
mill, is purchased from the manufacturer. Sheet lead is de- 
scribed according to the weight per superficial foot, as 5-lb. 
lead, 6-lb. lead, &c. 

Lead pipes, if of large diameter, are made of sheet lead, 
dressed round a wooden core, and soldered up. 

Smaller pipes are cast in short lengths, of a thickness 
three or four four times that of the intended pipe, and either 
drawn or roUed out to the proper thickness. 

Soft Solder is used for uniting the joints of lead-work. 
It is made of equal parts of lead and tin, and is purchased 
of the manufacturer by the plumber, at a price per lb., ac- 
cording to the state of the market. 

268. Laying of Sheet Lead . — In order to secure lead- 
work from the injurious effects of contraction and expansion, 
when exposed to the heat of the sun, the plumber is careful 
not to confine the metal by soldered joints or otherwise. 
All sheet lead should be laid to a sufficient current, to keep 
it dry ; a fail of 1 in. in 10 ft. is sufficient for this purj^ose, 
if the boarding on which the lead is laid be perfectly even. 
J oints in the direction of the current are made by dressing 
the edges of the lead over a wooden rdl, as shown in fig. 
101. 

Joints in the length of the current are made with* dr^, 
m shown on the left- hmid-side of fig. 102. 
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Fig. 101. Fig. 102. 



Fhskngs are pieces of lead turned dov.n over ed^res ol 
the other lead-work, which is turned ujp agaiiibt a wall, as 
shown on the right-hand side of fig. 102, and serve to keep 
the wet from finding its way between the wall and the lead. 
The most secure way of fixing them is to build them into 
the jomts of the brickwork, but the common method is to 
inseit them about an inch into the mortar joint, and to secure 
them with wall hooks and cement ( 5^66 fig. 102 ) 

264. A very important part of the business of the plumber 
consists in fitting up cisterns, pumps, aud water-cio-et appa- 
ratus, and in laying the different services and wastes con- 
nected with the same 


265 Plumber’s work is paid for by the cwt., milled lead 
being rather more expensive than cast. 

Lead pipes are charged per foot lineal, according to size 
Pumps and water-closet apparatus are charged at so much 
each, according to description ; as also, basins, air traps, 
washers and plugs, spindle valves, stop-cocks, ball-cocks, Ac. 


Tahk of the Weight of Lead PipeSj ]per yard. 


Boa«. 

I inch 

I » 
1 „ 
li 

H „ 


lb oz, 

3 S 
5 1 
8 0 
11 0 
14 0 
21 0 


ZIKC WORKER. 

266. The use of sheet lead has been to a certain extent 
superseded by the use of sheet zinc, which, from its cheap- 
ly and lightness, is very extensively used for almost aU 
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purpose? to wMch sheet lead is applied. It is, howcYer, a 
very inferior material, and not to be depended upon. The 
laying of it is generally executed by the plumber ; but the 
working of zinc, and manufacturing of It into gutters, rain- 
water pipes, chimney cowls, and other articles, is practised 
as a distinct business. 


GLAZIER. 

267. The business of the glazier consists in cutting glass, 
and fixing it into lead-work, or sashes. The former is the 
oldest d< riptioii of glazing, and is still used, not only for 
cottag'. ..liows, and inferior work, but for church windows, 
and glazing with stained glass, which is cut into pieces of 
the required size, and set in a leaden framework ; this kind 
of glazing is called fretwork, 

268. Glazing in saskes is of comparatively modern intro- 
duction. The sash-bars are formed with a rebate on the out- 
side, for the reception of the glass, which is cut into the 
rebates, and firmly bedded and backputtied to keep it into its 
place. Large squares are also sgrigged, or secured with 
small brads driven into the sash bars, 

269. Glazing in lead-work is fixed in leaden rods, called 
caniesj prepared for the use of the glazier by being passed 
through a glaziers vice, in which they receive the grooves 
for the insertion of the glass. The sides or cheeks of the 
grooves are sufficiently soft to allow of their being turned 
dowm to admit the glass, and again raised up and firmly 
pressed against it after its insertion 

For common lead-work, the bars are soldered together, so 
as to form squares or diamonds. In fretwork, the bars, in- 
stead of being used straight, are bent round to the sha|>es 
of the different pieces of glass forming the device — ^lead- 
work is strengthened by being attached to saddk bars of 
iron, by leaden bands soldered to the kad-work, and twisted 
round the iron. 
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Petty is made of pounded whiting, heaten ep with linked 
oil into a tongh, tenaeious cement. 

2 TO. The principal tool of the glazier is the dmnumd 
which is used for cutting glass. This tool consists of an 
unpolished diamond fixed in lead, and fastened to a handle 
of hard wood. 

The glazier uses a kaddug out Ifiife, for cutting out old 
putty from broken square^ ; and the kmfe, for lajmg 

and smoothing the putty w'hen sU/pping-ui gla&s into sabhes. 

For setting glass into lead-i^ork the netting hufe is used 

Besides the aboYe, the glazier requires a square and 
straight edges, a rule and a pair of compasses, for dividing 
the tables of glass to the required sizes. 

Also a hammer and brushes, for sprigging large squares, 
and cleaning ofl' the w ork. 

The gkizieds nee has already been mentioned ; the latter- 
kin is a pointed piece of hard wood, with which the grooves 
of the cames are cleared oat and widened for receiving the 
glass. 

2T1. Cleaning widows is an important branch of the 
glazieFs business in most large towns ; the glazier taking 
upon himself the cost of repairing all glass broken in 
cleaning. 

2T2. Glaziers^ work is valued by the superficial foot, the 
price inerting with the size of the squares. Irregular 
panes are taken of the extreme dimensions each wmv. 

Crowui glass is bkun in circular tables from 3 ft. 6 in. to 5 
ft. diameter, and is sold in crates^ the number of tables in a 
crate varying according to the quality oi the glass. 

A crate contains 12 tables of best quality. 

„ „ 15 „ second do. 

„ „ 18 „ third do. 

Plate glass is cast on large plates on horizontal taWe% 
md afterwards polished. 
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The maniifactiire of sheet or spread glass, which was for- 
merly considered a very inferior article, has of late years 
been much improved ; much is now sold, after being polished, 
under the name of Patent Plate. 

PAINTER, PAPERHaNGER, AND DECORATOR. 

2T3. The business of the house-painter consists in cover - 
ing, with a preparation of white lead and oil, such portions 
of the joiner’s, smith's, and plasterer’s work as require to be 
protected from the action of the atmosphere. Decorative 
painting is a higher branch, requiring a knowledge of the 
harmony of colors, and more or less of artistic skill, accord- 
ing to the nature of the work to be executed. The intro- 
duction of fresco painting into this country as a mode of in- 
ternal decoration has led to the employment of some of the 
first artists of the day in the embellishment of the mansions 
of the wealthy ; and the example thus set will, no doubt, 
be extensively followed. 

2*14:. The principal materials used by the painter enetc/dk 
leadj which forms the basis of almost all the colors used in 
house-painting ; linseed oil and sjpinls of turpentiWj used for 
mixing and diluting the colors ; and dryers, as litharge, 
sugar of lead, and white vitriol, which are mixed with the 
colors to facilitate their drying. Putty, made of whiting 
and linseed oil, is used for stopping or filling up nail holes, 
and other vacuities, in order to bring the work to a smooth 
face. 

275. The painter’s tools are few and simple ; they consist 
of the grinding stom and mvikr, for grinding colors ; mrthm 
pots, to hold colors ; cam, for oil and turps ; a paUd hmft, 
and brushes of various sizes and descriptions 

276. In painting wood-work, the first operation consists 
m killing the knots, from which the turpentine would other- 
wise exude and spoil the work. To effect this, the knots are 



430 


rXI/Ii! LNTS OF THE 


ooTered with fre>Ii hlaked lime, uhich dries up and burns out 
the turpentine Wiien this liub been on tweiity-iour hours, 
it is scraped off, and the knots painted oyer with a mixture 
of red and white lead, mixed with glue size After this they 
are gone over a second time wuth red and w'hite lead, mixed 
with hii^eed oil When dry, they must be rubbed perfectly 
smooth with pumice stone, and the w’ork is ready to receive 
the priming coat This is composed of red and white lea4l, 
w^ell diluted with linseed oil The nail holes and other im- 
pTfections are then stopped with putty, and the succeeding 
coats are laid on, the wmrk being rubbed down between each 
coat, to bring it to an even surface The first coat after the 
priming is mixed with linseed oil and a little turpentine. The 
second coat with ec|ual quantities of linseed oil and turpen- 
tine. In laying on the second coat, where the work is not to 
be finished w^hite, an approach must be made to the required 
color. The third coat is usually the last, and is made with a 
base of white lead, mixed with the requisite color, and 
diluted with one-third of linseed oil to two-thirds of turpen- 
tine. 

Painting on stucco, and all other work m which the sur- 
face is required to l^e without gloss, has an additional coal 
mixed with turpentine only, winch, from its drying of one 
uniform flat tint, is called a riatting coat. 

If the knots show through the second coat, they must be 
carefully covered with silver leaf. 

Work finished as above described wmuld be technically 
specified as knotted, primed, painted three oils, and flatted. 

Flatting is almost indispensable in all delicate interior 
work, but it is not suited to outside work, as it will not bear 
exposure to the weather. 

211. Painting on stucco is primed with boiled linseed oil, 
and should then receive at least three coats of white lead 
and oil, and be finished with a flat tint. The great secret 
©f success in painting stucco is that the surface should be 
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perfectly dry 5 and, as tliis can hardly be the case in less 
than tw o years after the erection of a building, it will always 
be advihiiMe to finish new work in disteni]>(,r, which can be 
waslied off whenever the walls are suifficiently dry to receive 
the peniiaiient decorations 

278. Groining is the imitation of the grain of various 
kinds of woods, by means of graining tooh^ and, when well 
executed, and properly varnished, has a handsome appear- 
ance, and lasts many years. The term graining is also 
applied to the imitation of marbles. 

279. Clear coling (from daire coUe^ i. e. transparent siz<, 
Pr.), is a substitution of size for oil, in the preparation of 
the priming coat. It is much resorted to by painters on 
<M:*couiit of the ease with which a good face can be put on 
the work with fewer coats than when oil is used ; but it will 
not stand damp, which causes it to scale off, and it should 
never be used except in repainting old work, w^hich is greasy 
or smoky, and cannot be made to look well by any other 
means. 

280. Distempering is a kind of painting in which whiting 
is used as the basis of the colors, the liquid medium being 
size ; it is much used for ceilings and walls, and always will 
require two, and sometimes three coats, to give it a uniform 
appearance. 

281. Painters^ work is valued per superficial yard, accord- 
ing to the number of coats, and the description of work, as 
common colors, fancy colors, party colora, &c. 

Where work is cut in on both edges, it is taken by the 
lineal foot. In measuring railings, the two sides are measured 
as fiat work. Sash frames are valued per piece, and sashes 
at per dozen squares. 

282. The manufacture of scagliola, or imitation marble, 
is a branch of the decorators business, which is carried to 
very great perfectioiL 
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covered with frenli nlaked lime^ which drias uj> luul hiirns out 
the turpeiitiue. When thus has been on twenly-four Iioufk, 
it is scraped ofl^ and the knots painUul ov(U’ with a inix(nr (3 
of red and white lead, mixed with glnesiz(u AHer this tlu.y 
are g'one over a second time with nni and wlnt(‘ haul, inixt^i 
with linseed oil. When dry, they must bi3 rubbl'd perleelJy 
smooth with pumice stone, and the work is rmuly to rei'i'ive 
the priming coat. This is (*omposed of red and whiti^ li'ad, 
well dilutmi with linseed oil. The nail holes and other im* 
perfee.tions are then stopped with putty, and tlu^ sui'i’emling 
coats are laid on, the work heitig rubbed down betwei'ii luieh 
coat, to bring it to an even surface. Idie first eoat after the 
priming is mixed with linseed oil and a little turpentiniu The 
second coait with eijual (piantities of linseed oil and turpen- 
tiiio. In laying on the second eoat, where the. work is not to 
be finished white, an approach must be made to th(‘, rtHpiired 
color. The third coat is usually the last, and is made with a 
base of white lead, mixed with the reipiisite color, and 
diluted with ono-third of linseed oil to twotliirds of turpim- 
tiuG. 

raintiug oii stucco, and all other work in which the sur- 
face is required to be without gloss, has an additional eoat 
mixed with turpentine only, which, from its drying of one 
uniform tint, is calli'd a tlattlug eoat. 

If the knots show tlirough the soimnd coat, they must be 
carefully covered with silver leaf. 

Work finished as above descrihed would be tiudmieally 
specified as knotted, primed, painted three oils, and llatii'iL 

Flatting is almost indispcmsahle in all dolieatt^ inii'rior 
work, but it is not suited to outside work, as it will not bear 
exposure to the weather. 

^ 211 . Painting on stucco is primed with boiled liuseod oil, 
and should then receive at least three coats of whiter lead 
and oil, and be finished with a flat tint, Tlu 3 great siu'.rct 
of success in painting stucco is that the surface should be 
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p©rfcH*(ly dry ; luid, u« thin can hardly bo ilio ouhcj ia 
than two yoarHaTlor Uio orootiou of a l)iiilding, it will ahvaya 
bo advinsibh'. to IhiiKh now work in iliHicaupor, whioh can be 
waHiual oir wluaiovor Iho walla are HuOioitaitly dry to rocoive 
tho poriuuuont dcaan’atlonH 

'itH. (^'mining' m ilu' inniaiiim of the i^Taia of varioaa 
kindH of wooda, by nnaiiiH of graking f^aolK, and, wlnai well 
ox(H‘nii‘d, and properly varninhod, huH a hmulHoiao appear- 
an('(^, and lantH many yearn, ‘'rim bam grainhiii: m alno 
applual to llu^ imitation of marbloH, 

279. (dour ooling (from rAu/r w//r, i. o. traiinparmit 
Fr,), iH a HubHtitution of my.o ft)r oil, in the preparation of 
the priming eoat. It Ih mueh roHorted to by jiaintern on 
mM'onnt of t he enw^ with whieh a good faei^ (‘an Im pat on 
the work with fewer eoatn than when oil in viHcal ; but it will 
not ntand damp, which It to Hc.ale off, ami it nhoidd 

nev(‘r Ix' unml (^\et‘pt in repainting old work, whi(‘h ingreany 
or Hinoky, and (uumot be made to look well by any other 
meatm, 

2H0. Didmifmng in a kind of painting in whi(di whiting 
in aned m the baniH of the (mlorn, the li(|uul nu^dium lieing 
sisse ; it in mueh uh(mI for eeilingn and walln, and alwayn will 
re(|uire two, and nometimeH thnm eoatn, to givo it a unifonn 
appearane.e. 

2H1. Faintcjm’ work k rained per HuperOeial yard, accord- 
ing tiO the numlmr of (’.oatn, and the dentwiption of work, as 
common colorn, fancy colorH, party (iolora, &c. 

Whore work Ih (mt In on both adgen, it in takcm by the 
lineal foot. I n meanurlng railings, tlio two Hldea are moasured 
an flat work. Sanh framcH are valued per piot^e, and HasheH 
at per do/iCn Hcpiaren. 

2B2. The inanufatdurc of seagliola, or imitat|ou marble, 
is a branch of tlm det‘.oratoFs buslncHB, „whJch is carried to 
very great ixwfection* 
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Sca^liola is made of plaster of I^arisaod (lifferent earthy 
colors, whhdi ar(‘. mixed in a trough iu a moist state, and 
tog('ther until the laMpiinul (dlect is produ(’,ed, when 
tlie. (M)mposiiion is talouj from the trough, laid on the plaster 
ground, ami well worked into it with a woodtm beater, ami 
a small gauging trowel. When (piite hard, it is siiiootlied, 
scraped, and ])oliHhed, until it assumes tlu^ ap])ea,ran(x^ of 
marble. 

Seagliola is vahuHl at per superlhdal foot, ma'ording to the 
description of marble imitated, ami the exetmtlon of the 
work. 

283. Gilding is executed with leaf gold, whi(‘h is furnisli- 
ed by the gold-beai(‘,r in books of 25 leaves, eacdi leaf 
measuring 3J in. by 3 im The parts to be gilded arc first 
prepared witli a coat of gold sixie, which Is made of Oxford 
oclire and fat oil. 

284. The operations of the paper-hanger are too simple to 
require description. 

A piece of paper is 12 yards long, and is 20 ins. wide, 
when hung, and covers 0 ft. superficial ; liem^e the number 
of superficial feet that have to bo covered, divided by 60, 
will give the number of pieces required. 

Paper-hangers’ work ia valued at per pio(‘e, according to 
the value of the paper. 

The trades of the plumber, glazier, painter, paper-hanger, 
and decorator are often carried on by the same person. 

mUIKAUE* 

285. The principal classes of buildings as subjects for 
water supply and drainage, arc — 1. Dwellings ; 2. Manufae-' 
tories ; and B. Public buildings, 

lliere is no certain date upon which to calculate the extent 
of : the arrangement to be provided for the joint purposes of 
Bupplying water aud discharging sewerage* In England the 
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imlcukitioim of vva.l.(c (a)iHpaiiu^H are oHuallj bawod upon tbo 
tonial paid for oaoh houHO an an index io the conHumption of 
water within it, and in thus way tlioy recof^niz.o an almo:/. 
intiuiU^ uniuhtn* of cIaHHOH» 

28(h It iH ('Ntimatod that !20 gallouH of water m the 
av(‘ra|i;c^ da,ily ({uantity for oa<^h inhahitaut of a tiOwti, and 
that tluH (pnud.ity m Hiillleiont to alh>w alHO for an onlinary 
proportion of nianufat‘.tunug oporatioiiH, for the Htipply of 
pubiit*. builduigH, and for the oxtinction of firoH. It m 
oHtiinated tliat a bulk of water iruatmi ring B foot in length by 

fetd* in widtli and 1 ft. in depth, will Hullie.e for the ablution 
of otie pcn’Hon in the batlm. TIuh quantity will ecjual 9 eubie 
feet, or about, f)4 gallons, 

2Bt. HiWern and drains were formerly devined with the 
single objeei of making them kirgeewwghj by which it was 
auppoH(Ml that, tlufir full eWc-ieney was se(‘ured. But sluggish- 
ness of the a(d,ioti is uow roeogiiiyxHl as the eertain (jonse- 
quenee of (‘xct^ss tupudly as of delleiem^y of deelination. A 
small stream of Ihpiid matter extcrndtul over a wide surface, 
auci reduced in depth in proportion to this width, suffers 
retardation from tlu^ want of deelivity in the cHirrent. Hence 
a drain which is disproportionally large in comparison to the 
amount of drainage is eomamirated within a more limited 
channel, a gr(ud,(jr rapitllty is produced, and every addition 
to the eouteid,H of the aids by tlie hill foree of its gravity in 
propelling the mitire quantity forward to the point of dis- 
(diarge. 

2B8. Tliere are four conditions which are to bo regarded 
as indispensable in the construetion of all drains from all 
buildings whatsoever. These conditions are-— First. Tliat the 
entire length of drain is to he constructed and maintained 
with mifficmd tkclkUy towards the disctharge into the sewer 
to enable the avt^rage proportion and quantity of Ikpiid and 
solid matters committed to it to maintain a wmkmd and 
mvfdmn^pkd mHtmk and that stagnation shall never CK‘«rr. 

86 



BUDIMKNTS or THK 


434 . 

Second. That; the (Uitin^ Iou|jfth of drain m to bo (‘.onstructed 
and maiutaiiKHi in a (jondition of imfermmbilUy^ m 

mat no porta'on of tluj niai.Un’H put into it Klionld (vso.ujx^ from 
it. Third. That the head of tho drain nhall ho ho (41i(‘iontlj 
trapped (hat no ganeouH or volatile proportaoH or produota 
ran p()Hsil)ly arino from ita contoutH. Fourth. That tho 
I owcH’ extremity of the drain, or th(^ point of itH (annmuuiea- 
i;ion with the newer, nhall bo no properly, completely, and 
durably formed, that no interruption to the (low of tho 
drainag‘(^ or cne.ape nhall take place, and that no facility nhall 
be offered for the upward progrenn of the newerage in cane the 
sewer becoinen nurcharged, ami thun tondn to produce such 
an effo(;t. 

"289. The common occuption of the lianement ntorien of 
bouson, an kitehenn and water clonetn, ban made it appcnir 
aenircable to deprenn the drainn and Howern, in order to 
receive tho refnne matt(‘rB below the level of tlu^ne hane- 
montn ; but an tliin obje(‘.t involven one or both of (he evils 
we have pointed out, viz; : delicienb deeTvity and (‘oaneipumt 
stagnation in tho drains, and a gcmeral nyntem of newern 
sunk no deeply in the ground that irujornparable expenni^ «iml 
difficulty are created in construction, aceenn, and repairs, tho 
purpoHO of basement draining should be abandoned, and 
practicable methods sought of delivering tho entire drainage 
at the level of the surface ground. 

290. Brick-work does not seem to be peculiarly fitted for 
drains. It requires smoothness and tightnesn. Stoneware, 
is more economical for this purpose than iron tubing, and is 
entirely free from tho chance of corrosion and perrmuibility. 
By glamig the interior surface, moreover, tubes of this ware 
are made peculiarly suitable for adoption in forming drains j 
and carefully made socket joints laid in the direction of the 
current are cheaply executed, if moulded conically and luted 
with a little cement of the best quality. The si;«e of the 
dbcain pipes has to be graduated according to the quantity to 
,be passed through them. 
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291. Tho trapping of ilu' hr, ad of tho di'aiu> ho an to pre- 
root the aHC('iii of Hmcll and impure ^a,H from the drain into 
the building*, in an indtspenHuble re((inrenn‘iii in draining a{)“ 
paratim Hiinplieity of eonHtnn'tion and peniuunmee of 
aetion ar(\ of (‘oiifMe, napdred, with the hmat original outlay 
at which lh('H(^ (|ualiti(^H can be obtained. 

292. lln^ lower et)mua‘tion of the houne drain with the 
public Hi^wtu* iH the lant point of imporianet^ to wlueli we al- 
lude, A perfect eoimtruetion of thin portion of the work 
haH alwayH hmi recuigniHed aH an cHHontial featurt^ of good 
tirainage. 'llie kwed of the bed of the tlrnifi trnmt be kept 
an high an poswible above that of th(^ reeelvitig newer. If 
the newer lu‘ alno eonntrueb^d of the glazed ntone ware pip 
ing, hujgt.hn of it may be introduced at convenient intervaln, 
having milk't Hoeketn fhr receiving the eudn.of the houne- 
drainn, and being nlightly tapered or (‘onieal in form will be 
readily jointed wit.h a little of the bent ee.ment. If the mwer 
be eonntrneted of brickwork, a good joint will be obtained 
by introducing a W'paratc^ noeket of nione-ware lo r(‘e.eive 
the houne«drniri pipe, and formed with a flanges at the other 
end to Hurrouud and <u)V(5r the opening in thc^ newi'r, which 
can ilnm l)e made good with a ring of cement carefully ap- 
plied. 

Meann of aec'cnn to houne-drainn are alwayn denirable in 
arranging tlu^ dedailn of the apparatun. 

rAlNTH. 

293. Before you commence to paint a btulding, all holes, 
nail IuuuIh, and indentations shoidd be filled in with putty. 
Th(^ prknkg shoidd then be put on. The color will, of course, 
depend on the color of the paint to be put on. After the 
priming is pirfectly dry, follow with another coat of priming, 
or a coat of paint. 

Nut oil is better than linseed oil, to be mixed with paint, 
that requires exposure to the weather. 
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294. Painters re(iuirc pot in wliicli to carry tlioir 
paint, hruskes, with wliic.li to put it on, pmdlsj or small, soft 
bruslica for fine work, n>p(ikUCf or small, tliiu, oval shaped 
board on which to spread paint when delicate work is being 
done, a moll slide, with whicdi to steady the hand. 

We cannot give recipes for making the various kinds of 
varnish and paints in this work. 
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SEOTION T, 

WOllKING D'RAWINCJS, MPKOIFIOATIONS, ES- 
TIMATES, AND CONTE AETB. 


295. Tho of btiiUliugK of any conHuh^rablo map^ni- 

tmlo iH iiHtially earriocl on uiulcn* iho HuporinEaulciuH^ of a 
prof(‘.HHional aiH^liiicoi, whoso diitioa (‘OtiHist in the propara- 
iion of ih(^ variouH working drawings and Hpocilicaiiona that 
may rocpiircHl for tlio guidanoo of tho buildor ; in the 
Htrict Hiiptawinion of tho work during its progross, to insure 
that his iuHtinudiouH are carried out in a Hatisfao.tory manner; 
and in the c^xamiuation and nwinion of all tho accounts con- 
nected with (.h(% works. 

This brief tummoratlon of tho duties of an ar(‘.hiteet will 
Rullhuj to show how many (|ualilications are r(‘quir(Ki in one 
who aims at being thoroughly competent in his profession. 
He must unite tho taste of the artist with the stjience and 
practi(*al kn(»wledgo of the builder, and must be at the same 
time conyersant with mercantile affairs, and counting-hous© 
routine, in ord(U‘ that he may avoid involving his employer 
in the trouble and exptmsc^ attendant on disputed accounts, 
whlcjh g(uuwally are the result of the want of a clear and 
explicit understanding, on the part of the builder, of the 
ol)ligations and rtjsponsIbilltieH of engagements based upon 
tlie incomplete drawings, or vaguely wordeJi specifications 
of an incompetent architect. 

296. The profession of tho areliitoct and tho trade of the 
builder are sometimes carried on by the same person ; but 
this union of llm directive and executive ftmetions is not to 
be reeommendtHl ; in tlie first place, bocaiso tho duties of the 
worksliop and the builders yard leave little time for the 
study of the Idgher branches of architectural knowledge ; 
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and, in the second pla(^o, bccanse the absence of professional 
control will always bo a strong temptation to a contractor to 
prefer his own interests to those of his employer, however 
competent he may to design the buildings with the exe<m' 
tion of which he may be charged- 

During the j)resont century, the impulse given to our arts 
and manufactures, and the improvements oHiictcd in the in- 
ternal communicatiouB of the country, have given rise to the 
execution of many extensive works re(piiring for their e.om 
St ruction a large amount of mechanuml and scion iilk; know- 
ledge ; in cous(5(|uonce of which a new and most important 
profession has sprung up during the last thirty years, occ.u- 
pying a middle position between those of architecture and 
mechanical engineering, vi55.,that of the civil engineer. The 
practice of the architect .and of the civil engineer so (dosedy 
apj)roximate in many respects, that it is (lini(juli stric/tly to 
draw the line of demarcation between them ; but it may be 
said in general terms that whilst the one is (diielly engaged 
in works of civil and decorative architoedun^, such as the 
erection of churches, public buildings, and dwclliug-houscs, 
the talent of the other is principally called forth iu the art 
of conatructioa on a largo scale, as applied to r(vtu.ining walls, 
bridges, tunnels, light-houses, &e„ and works (mnneefcod with 
the improvomottts of the navigation and internal communi- 
cations of the country. 

29 The business of the surveyor is often carried on as a 
distinct branch of architectural practice ; and, as the title 
of surveyor is often appropriated to those who havt^ no real 
claim to it, a few words on a surveyor's duties may not Im here 
out of place. 

Surveyors may be divided into three classes : land sur- 
veyors, engineering surveyors, and building surveyors. 

The business of an engineering surveyor, as distinguished 
from that of a laud surveyor, chiefly consists in tht^ prepara- 
i^ation of accurate plans, sections, and other data relative to 
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the intended hiI.c^h of largo workn, which may 1)0 roqmrod by 
tlio amdiitooi, or ('ugimu'r proparaiory io makiag out his 
working (lra,wiugH, ami in ooiuhioUng lovcUug oporatioua 
for drainage workn, oanaln, railways, 4(5. 

T1u 5 building survivor propan^H, from iho drawings and 
Hp(H*.ifl(‘aiionH of thc^ ar(5hiUH‘.t or iho ongimnu', bills of <|uauU- 
ti('H of inttmdtHl works, for iho uso of iho huildt^r on winch to 
fram(5 his (^siinutios ; and, in ilu5 (^asoof (‘.ontrac.is, those bills- 
of (|nantiii(\s form iho basis of iho (uigagonumtH (mtorod into 
by ilu5 buihh'r and his om[)loyor, iho surveyor being poouniarly 
answorabk^ for any (MrussiouH, The surveyor is also cnnployod 
in ilu^ nuniHunuuoni of works already oKcouiod or in progress ; 
iu ilu5 lat tcu* (^aso, for iho purposo of aHcertaiuing the advances 
to bo mad(5 at siatcHi iuiorvals, and is engaged gouerally in 
all biLinuiSH (umiuHtied with builders^ aecouuts. 

‘298. The following Is the general routine of protsoedings 
in ih(^ casc^ of large woiks. It will readily be uutlorsiood 
that in sinali works subdivision of labor is not caiThai to 
such an ox (cut, iho arcJdiect suporiutonding the works him- 
self, without the aid of a (‘dork of works, and tlie buildc^rs 
taking out thoir own (piantities. 

1. The g(UHn*al design having been approved of, and the 
site fixed upon, an exact plan is made of tlie ground, the 
uatiuni of the foundation examined, and all the levels taken 
that may be rtuiulred for the preparation of the working 
drawings. 

IL The architect makes out the working drawings, and 
draws up the spccilicmtion of tlie work. 

III. A metdiing is held of builders proposing to tender for 
the c5xe(iution of the proposed works, called either by public 
advertisement or private invitation, at which a anrvoyor Is 
appointed in their behalf to take out the (|uantitios. Some- 
times two surveyors are appointed, one on the part of the 
builders, and one on the part of the architect, who take 
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out tne quantities together, and chock each other as they 
pro(‘ec(l, 

IV”. Th(i surveyor having furnished each party proposing 
to tender with a copy of the bills of (piantities, the bull<l(‘rg 
prci)ure their estimates, and meet a second time^ to giv(^ in 
th(‘ir tenders, aft(jr whiedi tlio successful c.ompcvtitor and tihe 
employer sign a contract, drawn up by a soludtor, binding 
the one to the proper execution of the works, and the otlnu* 
to the payment of the amount of their <*OHt at such tiiru‘s and 
in siudi sums as may be set forth in the specification, 

V. The work is then set ont,* and carrietl on under the 
constant direction of a rorcunaii on the part ol the builder, 
and on the part of the architeet niuler the supcu’intcmhuieo 
of an iuspeetor or (herk of works, whoso duty it is to be con- 
stantly on the spot to (iheck the (piality and (piantity of 
material used, to see to the proper exeemtiou of the work, 
and to keep a record of every deviation from the drawings 
that may bo ronderod noct^ssary by the wishers of the onqjloy- 
er, or by local circumstancoH over which the architect has 
no control 

The work is measured up at regular intervals, and pay- 
ments made on account to the builder, upon the architect's 
certificate of the amount of work done. 

VI. The work being completed, the extras and omissionB 
are sot against each other, and the difference added to or 
deducted from the amount of the contract, and tlio whole 
business is concluded by the architeet giving a iinal certifi- 
cate for the payment of the balance due to the builder. 

^ 0n> oid of tli« oxaot poHttbn of aw intondotl 

OttiWing being dUIloult to aaoompr«U, a ftw romartH on iUo gubjoot 

may to aeceptablo , 

Tho sotting out of tbo loading linos is slmplo onough on lovol ground, wlior« 
ttothiog ooours to Interrupt tbo vlow, or to provont tho diroet numsuromeot of 
tfe© r©q,uirod distanoes j but to purfom tlilH operation at tlio bottom of a foun» 
datlon pit, blootod^ttp with balks and sUoroa and attldo«doop In slusli, rfupiWN a 
dograa of praoUo® and patlonoo not always to bo met with, T^t ns tak® a atmpli 
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Fig. 103. 



299 ]^k% of preparing the plan of the site of 

the propoHpci workH, the operationB of the surveyor will 

aams Huchas th<* puttltig lu Iheahutmint «f abrUIgt^or a vlatluot, ntiy m'ror In th« 
pORltlon of’whltdi wo\ilil nitul«ir i!h« work (hoo llg. IIW) Tho IracUiig Hiao« 

having boon laid down on tUo drawings, tb® ftrst tldng to bo dona, bofow breaking 
ground, is to aat c)iit the wuitre lino v«ry mrifuUy with a thoodoUto and raugiug 
roda for a eoimitlorfado cllKtaueo on tmoh sldo of the work, and to llx Uh poMltlou by 
orooilng poloH, tdanod true and plnoed pirfcoily upright, in some part of tho Uno 
whoro thorn Is no ehunne of ilielr htdng dlsturbid. 

Next, Uia eitaofc poHltlon of tivo abutraant on tho oenire line would bo (UHiidod 
upon, aiul fixed by sotting out another lint at right auglet to Ibo first an oof. whioh, 
wouldalHo he extended beyond the works, and Its position flxt'd by driving in stakes 
the nxaot position of tlu' linn on the head of the stake being nnirked by a saw out 
These guiding lines having now been pirmantntly seeured the plan of the abut- 
inewit way be set out on the ground, the dams driven and the oartli got oxit to Iho 
retjulreil depth Hy the ilnm the exnavatlon Is roatly for eommeneltig the work It 
goner illy preMents a rorest of stays, struts, and shores that woull defy any attiuni>t 
al lU't ting <nit the work on Its own level ; It must therefore be set out at the top of 
(he 'bun, and tlm points IriuiHtemHt «rdn>pfSfl, as follows : — 

First,, t.he position of tUo oentre Uni is asoirtalned by reforeiico to the p(des, end, 
mule, being tlidveu Into the tlmhws at tho sides of the dam, n fln(< Ihu^ Is stmlned 
a<MouH ; (he poMltlon of tlu' line a <ll8 fbund, and a snoond Hue strulned aeross In the 
sumo way. In a similar manner othirllttis are strained from sld(\ to side at ih« 
required dls'imeeH, ilm longlU being miasurod from tUe line o f/. and tbe widths 
f* ini a (h until the mil line of fh® fouidatlon course Is ftumd ; the an^ile puinis arc 
then transferred to the bottom of thi iseavathm by meatiH of idiimb lines, and 
the work hi eotummmod its aoeuraoy hilttg easily tested by umasurmuents frona 
the llttOB £t and o rf, until it Is ho far advanood as to roudtu' this unnecosxary, 
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generally have to be extt^nclcul beyoud the Hpot of ground or. 
which the building ih to Htaud. 'Tht^ froutagCH of the ad 
jaccnt buildings, and the position of all existing, or (‘onteni 
jdatod sewers, drains and wiiter-c.ourses, should b(^. (‘.orr(Hd.ly 
asc(wi.aincd and laid down. BkeUdies drawn to scale of the 
arclutcciural sk(d.(‘hes of tlic adjacent buildings, if in town, 
and accurate outline sketches of the 'mideiik of the loe.ality 
of the intended operations, if in the eonntry, should aecoiu- 
pauy the plan, that the arehitect may try the elhud; of his 
design before its actual cxecutioii renders it iu!ipoHsil)le to 
remedy its faults. 

By the careful study of all tliese data the archittad; may 
hope to succeed in making his works harmonize with the 
objects that surround them ; without tluan, failure on this 
head is almost a certaiinty. 

800. Leveh . — Wherd the irregularities of the ground arc 
considerable, it is necjcssary to aseertaiii the variations of the 
surface before the depth of the foundations and the position 
of the floors can be decided upon. 

It also frequently happens that the levels of the floors and 
other leading lines, in a new building, are rcguIattMi by the 
capabilities of sewerage or drainage, or by the heights of 
other buildings with which the new work will ultimat(ily be 
connected, as in the case of now streets. Jt thereAme 
becomes of importance to have simple and accural, tmmns 
of ascertaining and recording the relative heights of dilA'r- 
ent points. For this purpose both the spirit level and the 
mason’s level are used. 

801. Where the ground to bo leveled over is limited in 
extent, and the variations of level do not exceed 12 feet, t.hc 
heights of any points may be found with the mason^s level 
in the following manner. {See fig. 104.) 
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Fig, 104. 



In a eoiivcniotit placo, near iho lughoHtpari of th<^- ground, 
drive three Ktonl. Htakc'H at ('.((nal diHlam^eH from each other, 
ami nail to them three phu'ea of ntout plank, ))Iaeod as 
hIiowu in the etii, their tipper edges being adjuKted to the 
same horiViOntal plane by ineans of the inaHoifs h^veh The 
level being then phunal on this frame, an asHiHlant proi‘.eedft 
to the first point of vvhieh the height is reipiired, holding np 
a rod with a sliding vane, whieh he raist'H or lowers in 
obedienee to l\m direetiotiH of the Hurveyor, until it eoimndes 
with a pair of nightn fixial at the bottom of the level ; the 
height of the vane will then be the dilierenee of level 
betwiam the top of the leveling frame, and the place where 
the stair wan held np. 

302, The above and similar inethods will Hudice for taking 
levels in a rcaigh way for tln^ ordinary purposes of the 
builder ; but wluu^t^ gnmt accuracy is rmpiisite, or where the 
levids have to be extended over a considerable distama), as 
Is often the ease hi drainage works, the use of a more perfect 
(H)ntrivanee is mH^essary, and the spirit level is ilie instru- 
mc 3 nt principally used for this purpose. 

The spirit consists of a telescope mounted on a 
portable stand, and furnished with screw acyustments, by 
means of whieh it can be made to revolve In a horivx)ntal 
plane, any deviation from which is indicated by the motion 
of an air-bubble in a glass tube fixed parallel to the 
teles(‘opo. 

The eye-p!(3ce of the telescope is furnished with cross- 
wires, as tliey are techiiieally termed, nmd(3 of spiders* 
tliread, of which the use will he presently explained. 

BOS. The levollng staff, now in common use, is divided 
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into feet, tentha, and ImndredtliH, in a (‘Oinspienons manner, 
HO that, with tbe help of the ghms, every divinion can be 
distinctly soon at the distance of oiie hundred yards or more. 
The mode of conducting the op(5ratiou of lovoling is as 
follows : — 

Tho surveyor having sot up and adjusted his iuHtrunumt, 
the stalT-holdor proceeds to tho point at wlut;h the levels are 
to cotnmonco, and holds up his staff perfi'ctly upright and 
turned towards tho surveyor, who notes tlu^ division of the 
staff which coincides with tho horiv.oiital wire in tho Udos- 
cope, and enters the same in his hwel-book ; the staff- 
holder then proceeds to tho next ])oint, and tho n'uding of 
tho staff is noted as before ; and this is repoatcHi tintil tho 
distance or tho difference of lev(d makes it tuHa^ssitry for tho 
surveyor to take up a fresh position. While this is Ixnug 
done, the staff-hokh^r remains stationary, until, the level 
being adjusted again, he carefully turns the facc^ of the staff 
so as to be visible from tho instrument in its new position, 
and a se(*ond reading of tho staff is noted, after wlueh ho 
proceeds forward as before for a fresh sot of observations. 

S04. In every set of observations tho first is called a 
Backsight, and the last a Foresight. Tlu^ renmining obscT- 
vatioua are called intormodiates, and are entered according- 
ly. It will bo seen that an error in an ititeritUHliate reading 
is confined to tho point whore it occurs ; but a mistake in a 
back or foroHight is carried tliroughout tlio whole work, and 
therefore every care should be taken to insure acKUiracy in 
observing those sights. 

^05. The surveyor should commence end close his work 
by sotting tho staff on some welkioflnod mark, which can 
readily be referred to at any subsequent period, such as a 
door-stop, plinth of a column, Ac. Those marks are called 
bench marks, written B M,'and arc cssoutial for either 
checking the work or carrying it on at a subsequent period, 
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Tilt' of ilio lovolHto n tabiilai* form foniHo 

iH a Kimplo nrilhmi^ti<‘al oiH'raiion, which will Im readily 
iindrrHiuod by (‘xaialiiaiioii of (.he aimoxod oxaitiplo of a 
hwt^l book, and (d‘ ilm am)iapanyiugHoction*, 105. The 
dilfoiHaita^ laviwecui tlu'. HUovoHHive roadingH in any ^sefc of 


Fig. 105. 



obwOTatioTW ii tlio diffi^rmua^ of level between the pointa 
wlmro the atalT waa HucccHHlvdy hold up, and by Biinplo 
addition or Hubtraotion, a(‘.cording an the ground riaoB or 
falln, wo might obtain tho total riBO or fall of th<^ ground 
above or below tho wtarting point ; but as thlH would rotiuiro 
two eohntuifi, onc^ for tho total rino, and ono for tho total 
fall, It in Himph'f to aHHutno tho «tarting point to bo Bomo 
glvtm Indght al)0V(5 an imaginary horissontal dakm Um, drawn 
bcdow the lowoHt point of tho ground, to which iovol all tho 
lioightB are rofornsd in tho oohunn hoadod total height above 
datum line 

SOI Tho aoouracy of tho arithmetical computations is 

*U iitoOIrig wotkms of gwmftrt, U in nmU to mm tlw wrfcleal w&lo mmh 
p‘Mt«r ihiiw Uoi'iwmfciU, wW«U «mall mrlatloiw of low! to bo tiwlly 

mftiwttwrl on tho dmwlng without lU bolug oxWndod to m tooonvinlont longtb. 
Thin iM shown In iho lowon hnlf of flg. 105. Tho up^n pwt of tho 0guM shown th< 
KootloM plottod to ihi M«.mo Uorlaonbal md toriloul soak 

d1 
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proved by adding n|) tlio roroHights and btwtkHiglibs, and, de- 
ducting tlie sum of tlui fonnor from that of tlu^ laittoi* (the 
height of the first B M having been pnwiously (mtered jit 
th(^ top of the page as a backsight), the remainder will Im 
the height of tlui Iasi B M, and should agree with the last 
figures in the (‘olumu of total heights. 

308. In leveling the site of a proposed building, if no 
suitable object presents itself for a pennammt M for future 
refereiKiO, a largo stake, hooped with iron, should be driven 
into the ground in some convenient place wh(‘.ro it will not 
ho disturbed. The height of this stake being then (uirefully 
noted and marked upon the (devations and sections of the 
building, it will serve as a constant cheek on the depths of 
the excavations, and tlio heights of the diffiu'ent parts of the 
work, until the walls reach the level of the primupal floor, 
when it will no longer bo rexpiircd. 

309. Wo must not leave the subjeot of levels without 
mentioning a very useful instrument, called the water hwel, 
which consists of a long flexible pipe, lillod with water, and 
terminating at each end in an open glass tulxn When iti is 
required to lind the relative heights of any two points, as, 
for instance, the relative lev(ds of the floors of two adjoining 
houses, the two ends of the tulie are taken to the respeotive 
points, the tube being passed down the stairmises, over the 
roofs, or along any other accessible route, no matbir how 
circuitous, and the reqxiircd levels are found by measuring 
up from the floors to the surface of the water, whicdi will of 
course stand at the same level at each end of tlio tube 

WOEKINO DBAWmOB. 

810. The architect, being furnished with the plan atid 
levels of the site of his operations, and having caused a care- 
ful exandnation to be made of the probable nature of the 
foundation by digging pits or taking borings, proceeds 
make out his working Sawings. 
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It is not «u0ieicnt for the c,x(icutic)n of tho working draw- 
ingH tliat the dranglitHinaii slumld hn acquainind with tlie 
ordinary priiH‘ipl('H of gooiu(‘tri(‘ })roj(‘ciioii. Ho niust also 
be ilioroiighly (‘oaversant with })orsjK‘ciive, and with the 
priiiciplcH of chiaseuro, or light and shade, or h(‘ will work 
at random, as tlu^ gcuanetruail projections whi(‘h are recpiired 
for the nso of the workman giv'o a vm’y false u\m\ of tin* 
effect tlic work will have in excc.utioa. 

811. Working drawings may be divkled under three 
heads, viz, Block plans, General drawings, and Detail 
drawings : 

L Mode These show the ontline only of the in- 

tended building, and its position with regard to surrounding 
objcKda. They are drawn to a small seale, embracting the 
whole area of the site, and on them are marked tlu^ (existing 
boundary walls, sowers, gas and water mains, and all the 
new walls, drains, and water-pipes, and tlieir proposed eon- 
nection with the existing ones, so that the builder may see 
ai a ghuuse the extent of his operatioiis. 

A well-digested block plan, with its accompanying levels 
showing tlie heights of the principal points, tlm fall of the 
drains, &c., is one of the first requisites in a eotnplete set of 
working drawings. 

II Gemral Drawings.-^Thm) show the whole extent of 
the building, and the arrangement and eormectlon of the 
different parts more or loss in detail, according to its size 
and oxtont. These drawings consist of Mam of the founda- 
tions, and of the different stories of the building, and of the 
roofs ; Ekmtiom of the different fronts ; and Hmkm show- 
ing the heights of the stories, and such (mnstruetivo details 
as the scale will admit of. Xhese drawings are carefully 
figured, the dimensions of each part being calculated, and 
its position fixed by reference to some weil-defined lino in 
the plans or elevations, the position of which admits of easy 
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Fig. 106 


I 

Si 

’ll 

If 

f- 


u 

- • 

1 

* 

1 

mm. 


•I" 

I 

fe 

I 


W 

JIL 


1 

I! 

1 

1 

1 

1 

1 

1 

I 

5ii 

1 


J 

\ 

I'" 


1 

t 

9! 

f 

1 

1 

1 

1 

I 

9 

3 

1 

f 

111 . 


varifleation hi all HtagoH of the work. Thin Ib best don© by 
ruling faint lines on tlia drawings, through the principal 
uiviHloiiH of the design, as shown in fig. lOO, wlien^ the plan 
and elevation are divided into eompar linen ts, by lines pass- 
hig through the eontres of the columns, from which all the* 
diinensionH are dated each way. These c(mlrc lines are, in* 
the execution of the work, kept constantly marked on the- 
walls as they are (miTied up, so tliat tliey arc at all times 
sivailablo for refercmce. 

liy this means, the centra lines having been once carefully 
marked on the building, any slight terror or variatfioii from 
tlu^ drawings is eourined to the spot where it oe.curs, instead 
of lading (uuTietl forward, as is sometimes the e.ase, to appcair 
tmly when <*orr{H‘tiou is as desirable as it is impossible. 

dlie of these centre linoB also saves much of the lahoi 
of the draugldsman, as they Ibrm a skeleton, of wlm’.h only 
so much need lie lilled up as may bo rcupiired to show the 
dc^sign of tlu^ work. 

ni, Iklnikd Dr(mings.«^Thm% are on a large scale, 
showing thoH(^ d(‘.tails of construction which, could not b« 
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explained in ilie drawiiiKW, framing of 

tlootH, partitioiiH, and roofH, for the uhc^ of tln^ earpeut(‘.r ^ 
the patt('riiK of eaHi-iron girdern and atory poKtH for the iro!h 
foumhn’ ; de(‘.oratlve detailH of eohimoH, (mtahlatnreH, and 
<*orni(?es, for tlie carver ; the r(MpuHite dctaila bcung made 
out H(‘parat;ely, an far an poHulbh^ for (uudi trade ; which 
anuuigemcut Hav(^H much time that would otherwine be 
wawbul in r(vf(U‘ring from one drawing to another, and, wlfudi 
in «tni more important, itiHurcB grtsaUm accuracy, from the 
workman uuderntanding better tlie tiaiure of hiB work* 

hi making the detailed drawiugH every partieidar nhould 
be enumerated that may be required for a perfect undisr' 
fltamlmg of the nature and extent of tlie work. TIiuh, iu 
prejiaring the drawingH for the iron-foundim, (wery separate 
pattern nliould bo drawn out, and the number Htated that 
will be required of each. 

lliis |)rineiplc Hhould bo attendml to throughout iho whole 
of the detailed drawiugH, an, in the abHeuee of Hueh data, it 
is very diltlcult to prepare correct (‘HtimatcH for the exetm- 
tiou of the work, without devoting more time to the Htudy 
of the drawings than can generally be obtained for that 
purpose. 


SPFOIPIOATION. 

812. The drawingH being completed, the architect next 
draws up the specilicatiou of the intended works. This is 
divided under two principal heads— Ist, the conditions of 
the contract ; and, 2d, the description of the work. 

The title briefly states the nature and extent of the works 
to be performed, and enumerates the drawings which are to 
accompany and to form part of the written speciftcation. 

818. CondUiom of Besides the special clauses 

and provisions which are required by the particular eircunn 
stances of each case, the following clauses are inserted in all 
specitcatlons ; 
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1. The workR mo to bo executed to the full intent LirJ 
meanm| 2 ; of tlu^ druwings and t^jxK'ifieation, and to the satin* 
faction of tHo andiitetdi. 

2. Tlu^ (‘ont.racior to take the (nitiro charge of the works 
during their progress, and to be r(‘spouHil)l(j for all losses 
ami accuhads ind.il their conpdetion. 

Ih The architect is lo have powm* to rej(M‘t all hnpropt^r 
nia(.(umilH or d(‘.r(‘,(‘,tiv(^ workmanshi}), aaul l.o have full (jontrol 
over tln^ exe(‘ution of the works, a.nd free access at Jill tinu^s 
to the workshops of thci contractor where any work is being 
prepared. 

4, Alterations in the design are not to vitiate the (a)n- 
tract, but all extra or omitted works are to be meaunred 
and valued ma^ording to a schedule of prices provioir.iy 
agreed upon. 

f). The amount of the contract to be paid by instalments 
as the works proceed, at the rate of — per (uurt, on tbe 
amoiudi of work done, and the balance within - from 
the date of the arcluteet^s (Inal eertilicate. 

Ijastly. The works are to be completed within a stated 
time, under pcmaltios which are enumerated. 

314. Tk dmcripfkm of Ik works details minutely the 
quality of the materials, and describes the manner in which 
every portion of the work is to be executed, the fulness of 
the description depending on the amount of detailed infor- 
mation conveyed by the working drawings, care being taken 
that the drawings and speciftcatiou should, together, contain 
^ every f)articular that is necessary to be known in order w 
uuvke a fair estimate of the value of the work. 

316. The ediief merit of a spoeification consists in the xm 
of clear and explhnt language, and in the Bystematie arrange- 
ment of its contents, so that the description of each portion 
of the work shall be found in its proper place ; to facUitate 
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r.'^%eBeo, eycry clatiMo Hliould bc^ umuborcMl and liavo a mar- 
ginal rcrortmtu^ attached, ami a (‘.opiouK indox Mhoultl accom- 
pany the whole. 


BILLH OF aCANTlTlFH. 

316. The surveyor, being furniHluHl by ilu^ arcJiitiHit with 
the drawings and specilicatloa, protuMuls t,o take out the 
quantiticH for the use of the parties who proi)ose to tender 
for the execution of the work. This is done in tlu‘. same 
way that work is measured when exeemteui, exceid that the 
mcasureineuts are made on the drawings with a senile instead 
of on the real building with measuring rods. 

Sit. In taking out (piantities then^ an^ throe distinct 
operations : Ist, taking the dimensions of the stwcnml parts 
of the work, and entering them in the dimension book ; 2dly, 
wmrkiug out the quantitu^s, and posting tliem into the 
columns of the a,l)strac,ts, wliicli is callml (ibdradhig ; Sdly, 
casting np the columns of the abstracts, and’ bringing the 
quantities into bill 

318 The dimension book is ruled, and the dimensions 
entered as in the following examples : 


No. 

DtaienHlon, 

Qimmtity. 


16 

ft. In. 

14 0 

0 10 

0 

ft), ta. 

- 38 10 

j Memel fir framed to 

( front room ground floor. 


In this example the work measured consists of sixteen 
joists ; each 14 ft, long and 10 in, deep and 2| in. thick j 
and the total quantity of timber they contain amounts to 88 
ft. 10 in. cube. 









ART OF miwim. 


4u;i 


WmiSiwlon. 

Nt», orbHokfi 
in tUickiuiHH. 

Quantltjr. 

neHorlption 

ft, III. 

20 () 

) 

rt in. 

) Stock brickwork in mor- 


y 

2B5 9 

l tar to front wall, from 

ll (•> 


) footings to 1st sot-off. 


iiVX In proparing the almtract for cMidi trade, the sur- 
veyor lt)()ks ov(ir luH dinieiiHlouH to S(3e what artit^los ho will 
have, and rules his paper into eolumuH aeeordiugly, writing 
the prop(3r lieads over eaeh 

The priu(*ipal point to be attended to in abstraeting quan- 
titioH is to preserve a regular rotation in arranging the dif- 
f(3rent dc^Heriptions of work, so that every article may at 
on(?e be foutul on referring to its proper place in ih(3 abstract. 

No fixed rules cau be given on this head, as the form of 
abstract is dillc'rent for every trade, and must bo varied ac 
cording to eireuinstances ; but, as a general principle, arti- 
cles of hsast value should be placed first. Solid measure 
sliould (<ake precedence of superfleial, and superficial of lin- 
eal, and iniHcellaneous articles should come last of all j or, 
In teehuical terms, the rotation should be, 1st, cubes ; 2nd, 
supers.; 8rd, runs ; and, lastly, miscollaneouB. 

B20. In bringing tlie quantities into bill, the same rota- 
tion Is to be observed as in abstracting them, care being ta- 
ken that (wery article is inserted in its proper place, so that 
It may readily be found in the bill. 

The limits of tills volume prevent our going into much de- 
tail ou tlie subjeset of builders^ accounts, and we must there- 
fore coniine ourHolves to laying before the reader a skeleton 
estimate, wliiiih will give Mm a tolerable idea of the manner 
in whieb the siweral kinds of artificers' work are abstracted 
and brougiit into bill. 

S2L .Hstlmate for the Erection of at for 

— ... — according to Specification and Drawings numbered 
I to — , prepared by — , Architect. (Date.) 
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Founbations. 


wls, ft 


<jub<» 


ft. in. 


eurt. qw. lbs. 


roda. ft. 


fiwpl 


aqra. ft 


yd«. ft. 


ft. in, 


•“ — fun 


Ijxcavaiion to foiuidatiomB, 
( i n (*. 1 u (i i n g conbrdaioa, 
piuiip’mg, &c.j , 

(loiicrtito . . . . 

at — 

Timber in piles driven — ft. 
throtigh, (describe the nuir 
terial,) including ringing, 
Hhouing and driving, but 
not ironwork » 

Do. in d-in. planking, spiked 
to, pile-heads . 


Wrought iron in shoos to 
piles . . . . 


Total of foundations to be 
carried to summary 


Brioklayer. 


Eedncod brickwork in mor- 
tar 1 

Bodiicod brickwork in ce- 
tnoni . . , , 

at — 

Tiling (describing ,tha kind, 
whether plain or pantiling, 
if single or double latlia, 
&c., &o.) . . . . 


Bricknogging to prtitions , 
Paving, (of various doscrip- 
tions) . . . . 

And all other articles val- 
ued per yard superCicial 


Qmp arches 

FMunga (with superior des- 
cription of bricks, spocify- 
injj the quality) 

Cutting to arches or splays . 
And all other work valued 
by the foot superficial. 

Barrel or other drains (speci- 
fying size, &c.) . 



Douw. 


Oarried forward 


Offi, 
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Kofl. 


ydfl. It. 


' eub0 


[Rubblo walling . 

1 1 lunttior-drc^HtHi walling 
random coursoa 


n. iti. 




Ko«, 


ft. 


iupl. 


BRKlKLAirKR, co7itmied> 

Brought forward . 

Illlo cnmiug 
And all ot.hor ariicliB val- 
uod by rmmiug rmuiHuro. 
Oldnmoy f)otH, cutdi ; bcddingi 
and pointing mush and door 
franiOH, oaoh ,* and all mis-l 
oollanoouH articles . 

I^ital of bricklayers' worki 
to be carried to surnrna-l 
ry . . . . 

Masok. 


at 


at 


in 


Btone ((lescriblng tho kinds). 
Ijabor on above (as plaini 
work, sunk, moulded or| 
circular work) . 

Inearths, pavings, lamlinp, 
&e., beginning with tliel 
thinnest . 

Marble slabs, beginning with| 
the thinnest and iidbriorl 
qualities . 

Window Hills, curlis, stops, | 
oopinp, &o. 

I Joggle joints, ohasos, &o. 

M ortices and rail holes, &€.• 
dowels, cramps, and othi 0 r| 
articles numbered . 

Total of masons' work to be| 
carried to summary 

Oaiifuntfe ano Joinbe. 

llAibor and nails to roofs, 
floors, or quarter partitions 
I’Bat tellings and boardings ac- 
cording to description 


at 


Carried forward 
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OAErKNTEB & JoiNEu, continued* 


— 8ttpl, 


ft. in. 


ou<bo 


aupl. 


— Kun, 


JiToa. 


floors, according to doacrip- 
tion, bogimiiiig with the 
inferior and ending with|at • 
tlie boat dcHcriptionH 
And so on for all workj 
valued by the Hcpiare. 

Momel ilr, according to des-l 
cription, aa Ur bond, llr| 
Irained, wrought and Irani- 
ed, wrought, framed, aud| 
rebated, <&o. 

Do. proper door and windowj 

cases 

Then oak, and superior de«| 
scrip lions of timber, in| 
the same way. 

Then the superllcial work,| 
as— 

)^-iu. deal rough linings, and 
so on with the diderent 
thicknesses of deals accord- 
ing to the labor on them 
arranging them accordingl 
to their thickness, and the| 
amount of labor on them, 
beginning with the thin- 
nest . . 

Then oak plank or mahog- 
any in the same way. 

Then take the framed work, 
as — 

lj:i-in. deal square-framed in-| 
closure to closets, and so on 
with the rest of the framed 
work, as doors, shutters, 
satihes, frames, &e., accord- 
ing to description . 

Then the work valued by| 
running measure, as-— 
23^-in. Bpanish xnahoganyl 
moulded, grooved, and bea-| 
liaiuirail 

Then the numbers, as^ — 

I Mitred and turned caps, flx-| 
ing iron balusters, &c. 




• $ 


Ota 


Carried forward . 
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Cabfhntkr & J oiNKB, Continued. 

DOI.X.S* Chen 

Brought forward . 

Lastly ~ The Irouiuongcry, 
ovory article of wliioh 
Bhoultl bo carefully describ- 
ed. 

Total of carpoutcr and 
joiners’ worlc to be car- . 

riod to summary . 

Slatbii. 

^ aupi Oountoss, or any other kind 
of slating, according to de- 
scription . . . . at — - 

jtt. la ’riien slate slab, as— 

— Inch shelves, rubbed one side, 

beginning with the slabs of 
least thickneas, and arrang- 
ing them according to the 
labor bestowed on them . 

Then the work valued by 
running measure, as — 

— — run. Patent saddle-cut slate ridge 

Lastly— the numbers, as— 

No». Holes, cut, <&o. . 

Total of slaters’ work to bo 

carried to summary . . , 

FnASTBlUWl. 

h’irst the superllcial quan- 
ydA ft, tity of plastering, as— 

— — lupt Bender float and set to walls, 

beginning with the com- 
monest, and proceeding 
through the difterent de- 
scriptions of two and three 
coat work, up to the stuo- 
cocH and superior work . at — 

Then the whitewashing, dis- 
tempering, &c. . 

Next the run of cornices, 
architraves, reveals, &c., 
as—* 

Carried forward , $ 

38 
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tt in 

— - run 


Nos 


tail. ct. qrH. lb 


fda. ft. 

— — punJ 


Nos 


pLAHTKRKii, contitiueiL 

^ Brought forward . 

|naiu coraico to drawing- 
rooia, 14 in. girt 
Aad lastly tho aurabors, 
as — ' 

|4 mitres, 1 centre flower, ;U), 
ill. diameter, 4c. 

Total of plasterers’ work to 
be carried to summary 

Smith and Ieon-Founder 

Begin with the cast-iroa, 
as-— 

I Cast-iron in No. 4 girders, 
iacludiag patterns, paint- 
ing, and fixing , . , at ■ 

N. B. — State tlio No, of 
patterns. 

Then the smaller castings, 
as — 

|EjMling8, balconies, columns, 

Tlien the wrought iron, 
as — 

'Wrought iron in chimney 
bars, straps, screw bolts, 
railings, 4c. , 

Thou the articles sold by 
running measure, as— 

Cast-iron gutters, water- 

E , 4c. 

y, the numbers, as- . 

I Stoves, coal-plates, stable-fit- 
tings, 4o* . 


Total smith and iron-foun 
ders’ work to be can’ied 
to summary . 

Bell-hanoer. 

Number the bells, and do-, 
scribe the mode of hang- 
ing, as — 


Carried forward . 



ART OF BmiDmO. 


Bell-iianobib, continued. 

Brouglit forward . 

— bolls hung with coppor 
wires in concculod tin 
tubes, with bolls, cranks, 
and wires complete . 

And them (mumerate the or- 
namental lurnituro to the 
different pulls . 

Total of bell-hangers’ work 
to be carried to summar 
ry . * . . 


BOLtH. I On. 


Plumber. 


•wfc. qw lb8 


— — Oast load laid in gutters, 

hips, ridges, flats, cisterns, 

&c. ; including all solder, 
wall hooks, nails, &c. . * 

- — Milled do. do. , 

Then socket, rain-water, 
fuimcl pipes, and other 
work valued by the lino- 
in, al foot, avS— 

ru:n. Inch drawn pipes 

Lastly the tiumbors, as— • 

No«, Joints, plugs, and washers, 
air trails, brass grates, 
bocks, copper balls, pumps, 
water olosota, apparatus, 

&o 

Total of plumbers’ work to 
be carried to summary . 



pAmTEB. 

]r4A. ft. 

— — 8upi. Of painting, according to de- 
scription, specifying the 
number of oils, and wheth- 
er common or extra colors, 
beginning witli the work 
in fewest coats, and finish- 
ing with the most expen- 
livo descriptions . . 


Oarried forward . 



RtJBIMKNTB OX^ lUIE 


4iiU 

ft* in. 


a in. 


m ft. 

ft. in. 

yds ft. 


i 


Nos.l 


supl. 


Paintee, continued 

Brought forward . 

Then the ruaniiig work,| 
aB— 

|SkirtingH, pliatha, windowj 

Bills, &c. . 

Lastly the numbers, as- 

'Frames, squaroB, chimiioy| 
pieces, &c. 

Total of painters’ work to 
be carried to summary , 

Glazing, according to do-| 
scription, specifying size of 
squares, and quality of 
glass .... 
Then, the stained and other 
ornamental glass ; and, 
lastly, the plate glass. 

Total of glazier's work tol 
bo earned to summary . 

IPAPEE-HANaBE & BeOOEATOE. 


DoIiM. 


€m 



BUpl 


Distempering, 

description 


according to 


at 


» Scagliola slabs do. . 


run Gold mouldings . 

Nob. Pieces of paper hung, ac- 
cording to description, in- 
cluding preparing wallB— 
Hanging, lining, paper, 
and pumicing do* 

II Dozen of borders , 


Total of paper-hanger and 
decorator's works to bo 
carried to summary * 
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SUNDEIKS. 

Tottiporary foiicingH— watching and light- 
ing workH 

Ollico lor (*.l(^rk of workn .... 
DiHtrict Hurvcyoi’’H loo . . . . 

Fii’o iiiHurauco 

Siu’vt^y(n'\H (.‘.liai'go lor bills of quantities . 


'rotal BUikh’ios to bo carried to suminary ^ 

Bummaey of Bills. 

Foundations 

Brick lay(U’ 

Mason 

Oarpeutcr and joiner . . . .r 

Slater 

riasteror | 

Smith and iron-founder .... I 

Bt‘ll-hang(^r 

J lumber, painttu’, iind glazier . 
raper-hangcr ami decorator . 

SiuulrioH 

^!\/tal amount of estimate . . . * 


The surveyor furnishes the builder, whose tender Is 
acct'.ptcul, with copies of the drawings from which the quan- 
tit'icH have been taken olf 

By r(d(U’enc.e to the builder cau at all times satisfy 
himself that the detailed drawings, furnished for the exe- 
cution of the work, contain nothing beyond what he has con- 
traeted for. 

(Jopicis of tlm drawings and spedfleation are attached to 
\iie contrac.t, deed, and are signed bv the buihler and other 
parth^s r(mp(ud)ively (soneerned. 

It s(uu’(‘ely ever happens that a large undertaking 
can be carried into execution without considerable departure 
from the <mutract designs, especially in the matter of found 
atiouB and underground work ; the exact nature and extent 
of whi(jh must often bo uncertain until the works are com- 
menced. 



m 


EimiMRNTS OF TIIR AIH OF mULOlNa 


To provide for thene coutingeiudeH wiihoui .settinpj jiKiih' 
the contract, the huilder’H eHtiinatc^ iw accoimpaiucHl by a 
schedule of prices at whudi ho uu(l(‘.rtiik(^s to excAuite amy 
additional work that may be napiircHl, or to valm^. any work 
that may bo omitted. This Hchedulc should be carefully 
drawn out, so that there shall be no dispute as to its meam 
ing- ; thus, under the head of brickwork, it should be chmrly 
inidcrstood whether ceuteriug is included in the })ri(‘e named, 
or whether it is to form an additional charge ; with iron- 
founders' work, whether the price iucludes patterns ; and so 
on with every descriptioti of work, 

824. Architoc.ts are remunerated l)y a commission of 6 
per cent, on the amount expetidod under tlmir direction, be-' 
sides traveling expenses, salary of the (dork of the works, and 
occasionally other charges, according to circnmBta'yees, 
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WOODS OF NORTH AMERICA. 


1. Ahie^ alba, or white spruce; weighs 23 lbs. 13 oz. per cubic 
foot ; spcHuhc gravity, .381. 

2. Abies ctmademis, or homlock-apruce ; commou in tipper 
Oaiuula ; weighs 23 Iba, 0 oz. per cubic foot, and has a specific 
gravity of .368. 

3. Acer eriocarpum^ or soft maple ; common iu Upper Canada ; 
weighs 30 lbs. 14 oz., and has a specific gravity of .690. 

All the above are used in carpentry. 

4. Acer ncf!;rundo, or box-csldcr, ash-loaved maple ,* common in 
the United Slates ; weighs 24 lbs. per cubic foot, and has a specific 
gravity of .384. 

6. Arer rubrwriy or red maple ; common in the United States ; 
weighs 38 lbs. 5 oz. per cubic toot— -has a specific gravity of .613. 

6,. Aseer saccharimim, or sugar mablc ; common in the United 
8tat(^s ; weighs 38 lbs. 6 oz. per cubic foot, and has a specific 
gravity of .614. 

7. Aseer saccharimm, or bird’s-cyo maple ; common in Upper 
Oanada; used in ornamental work by carpenters and joiners; weighs 
40 lbs. 16 oz. per cubic foot, and has a specific gravity of .655. 

8. Curly maple ; common in Upper Oanada ; used in common 
carpentry work ; has a specific gravity of .686, and weighs 86 lbs, 
10 oz. per cubic foot. 

9. Hard maple ; also common in Upper Oanada ; weighs 39 lbs 
per eubi(5 foot, and has a specific gravity of .634, 

10. Beluia nigra) or black birch ; common in Upper Oanada ,* 
is much used for ship-building in Oanada and Nova Scotia, but 
is not a durable wood ; it weighs 35 lbs. 7 oz. per cubic foot, and 
has a specific gravity of .567. 
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11.. Birch ; an inferior wood— common in Canada and the North- 
ern States ; weighs 30 lbs. 11 per cubic foot, and has a spocilic 
gravity of .491. 

12. Butter wood ; uhccI in Bhip-building ; has a spocme gravity 
of .4C0, and weighs 28 lbs. 12 oz, per cubic foot. 

13. Carya porcina, or pignut hickory ; common in the United 
States; is tlio strongest and beat kind of hickory; it weighs 49 lbs. 
8 oz. per cubic foot, and has a Bpecilic gravity of .(>90. 

14. Carya sulcata, or shell-bark hickory ; commoji in the United 
States ; weighs 43 lbs. 2 oz. per cubic foot, and has a speciflo 
gravity of .090. 

15. Hickory ; common in the United Btates ; weighs 47 lbs. 8' oz. 
per cubic foot, and has a spociUc gravity of .7(>0. 

16. Casta 7 ica wca, or clmtmi ; common in the United States; 
has a specific gravity of .404, and woigliB 25 lbs. 4 oz. per cubic 
foot. 

17. Ccltis crasslfolia, or hack berry; is a tougli and elastic 
wood, weighing 38 Iba. C oz. per cubic foot, and has a specific 
gravity of .614. 

18. Cerasus virgindana, or wild cherry ; common in the United 
States ; tI\o hark is used medicinally ; has a specific gravity of .515, 
and weigha 32 lbs. 3 oz. per cubic foot 

19. Cerasus camdensis, or red bud, Judas tree ; a oloso-grained 
and compact wood, having a specific gravity of .535, and weiglis' 
33 Ihs. 7 oz, per cubic foot, 

20. Cmm florida, or dog-wood; a hard, close-grained, and 
strong wood, weighing 47 lbs. 4 oz. per cubic foot, and having a 
specific gravity of .766. 

21. Cupresm disticha, or cypress ; common in the Unito^i 
States; grows to an immense size; is much used for shingles; weighs 
22 lbs. 13 oz. per cubic fi^ot, and has a specific gravity of .365. 

22. Dios^^yim or porsimon; a hard, clostvgriiined 

wood ; weighs 44 lbs. 6 oz. per cubic foot, and has a specific gravity 
of .710. 

23. Fagm amcricana, or white beach ; common in the United 
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States ; is UBod in dry carpentry ; weighs 42 lbs. 11 oz. per cubic 
foot, and has a specific gravity of .6'74. 

24. Jf\igm fermginea^ov beech; common in Upper Canada, 
used in dry carpentry ; the wood lias a more rufous tint of color 
than cotumon beech ; it weighs 36 lbs. 9 oz. per cubic foot, and 
has a specific gravity of ..586. 

25. Fnaiiim americanm, or American ash ; weighs 35 Iba 
10 oz. per cubic foot, and has a specific gravity of .570 ; — is tough 
and elastic. 

2(). White ash ; weighs 30 lbs. 14 oz. per cubic foot, and has a 
specific gravity of ,494. 

27. GkdUschia triaemht/m, or honey locust : is a very hard 
wood and splits easily, having a specific gravity of .646, and 
weighing 40 lbs. G oz. per cubic foot. 

28. (h/mnockuim cana(knsL% or coffee tree ; is a hard, compact, 
strong, and tough wood, having a specific gravity of .647, and. 
weighing 40 Iba. 7 oz, per cubic foot. 

29. Jugians albdf or hickory; has a specific gravity of .770, and' 
weighs 48 lbs. 2 oz. per cubic foot. 

30. Juglaris ciaereaf or butternut ; has a specific gravity of 
from .376 to .487, and weighs from 22 to 30 lbs. per cubic foot. 

31. White walnut. 

32. Juglans nignif or bhude walnut ; weighs 28 lbs. 16 oz. 
per cubic foot, and has a specilic gravity, of .483 It is a strong 
and tougli wooil, not liable to split, and is much used in carpentry 
work. 

33. Juniperm h&mudiana^ or red or pencil cedar ; is used in 
ship-building and for making pencils. 

34. The Virginia cedar is used for the same purpose, but is nor 
considered as good as that from Bermuda. 

i 

36. lArix americAhia, or hackmatack ; much used and esteemed* 
in British North America for ship-building ; has a specific gravity 
of about .600, and weighs about 36 lbs. per cubic foot, 

36. llio tamarack is a wood much used for ship-building in 
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British North America ; it has a specific grarity of .383, and 
weigh 23 Iba. 15 025 . per cubic foot. 

Cedar, — The aamplos at the World's Pair had a specific 
gravity of from .294 to .314, and weighed from 18 lbs. fi 055, to 
19 .lbs. 10 055. per cubic foot 

38. Linodmron tuliptferaj or yellow poplar; ia common in 
the United States ; has a specific gravity .287, and weiglis 24 lbs. 
8 oz. per cubic foot, 

39. Morusnihra, or rod mulberry; weighs 35 lbs. 1 oz. per 
cubic foot, and has a specific gravity of .56 1 . 

40. Nyssa Multijiora, or black gum, or sour gum ; weighs 40 
lbs. 6 oz. per cubic foot, and has a spccfific gravity of .646. 

41. Ostrya virginica^ or iron wood ; weighs 48 lbs. 11 oz, per 
cubic foot, and has a specific gravity of .779. 

42. Picea balsamm, or !>alaam ; is used in carpemtry ; has a 
specific gravity of .304, and weiglis 19 lbs. per cubic foot. 

43. Finns mitis, or yellow pine ; has a specific gravity of ,376, 
and weighs 23 lbs. 8 055 . per cubic foot. 

44. Finns restnosa, or American red pine ; is used in carptmtry , 
weighs 26 lbs. 11 oz. per cubic foot, and has a specific gravity of 
.427. 

45. Bod Pine ; is a strong wood used in carpentry ; 1ms a specific 
gravity of .455, and weighs 28 lbs, 7 oz. per cubic foot. 

46. Finns rigidai or pitch pine ; is a strong wood, weighing 
32 lbs. per cubic foot, ami having a spocifle gravity of .512. 

47. Platanm occidmitalisf or button-wood, or sycamore ; is much 
used for making boadsteads ; has a spocifle gravity of ,424, and 
weighs 26 lbs. 8 00 . per cubic foot. 

48. Populm, or poplar ; is a light, inferior wood. 

49. Oherry wood ; weighs 29 lbs. 15 oz. per cubic foot, and hw 
a specific gravity of .479, 

60. Quebec oak ; is much used for ship building, but is not dur- 
able. 
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51. Quercus alba, or white oak; weighs 40 lbs. per cubic foot, 
and 1ms a specific gravity of .()4. 

52 Qmrem mhm, or red oak; weighs »^2 lbs. 2 oz. per cubic 
foot, and has a specific gravity of .514, 

53. Querem tmeionaf or black oak; weighs 34 lbs. IS o:^., and 
lews a Hp(Hn(it5 gravity of .558. 

54. Qiiemi.s sirens, or live oak ; is the heat iest and hardest of 
tlic' ojiks ; hiiH a siaadiic gravity of .100, and weighs 56 lbs. 4 oz 
[)er cubic foot. 

55. Eohlnia fmnul acacia^ or locust, or treenail ; so called 
because usiul principally for treenails. 

56. Bnmiifnu ojikmak, or sassafras tree. 

57. 7)7ia mnericana, or bass-wood ; is even in grain, weighs 26 
lbs. per cubic foot, and has a apocilio gravity of .400. 

58. tllmm (imerimna, or ehn ; wiughs 36 lbs. 11 oz, per cubic 
foot, and has a specific gravity of .587. 

50. Real elm-used by wheelwrights. 

60. White elm. 

61. Rock ehn. 

62. Bwamp elm. lliose elms are all (piite similar. 

63. Ciindiec rock (dm, or wych ha5!iol ; used in ship-building in 
(lanada ; has a specific gravity of .546, and W(ughs 34 lbs. 2 oz. 
per cubic foot. 

64. Umria triloba, or paw paw ; weighs 51 lbs. 6 oz, per cubic 
foot, and has a speoiflo gravity of .359. 


StON®. 

13 cubic feet of marble weigh 1 ton, 
13)^ fei4, of granite weigh 1 ton. 
The following table is from Dobson 



468 


API*KNI)iX. 


WEIGHT OF TXMBKJtl. 


84 cubic 

feet 

of Mahogany 

weigh on© tonu 

89 “ 

K 

Oak, 

« «< 

46 “ 


Ash, 

«« 

61 “ 

« 

Beooli, 

t* M 

60 

4< 

Elm, 

«« M 

65 « 

it 

Eir, 

«i M 


WAGES. 

The price of labor in diflToront portions of the United Staton, 
wies more than three hundred per cent. 


WEIGHT OF EARTH. 

18 cubic feet of chalk weigh one ton. 

17 “ clay “ 

18 “ ** niglit soil ** 

2 i|. « gmvol ** 

28i ** “ sand « 


TILING. 

A square of pantiling requires one bundle of laths and i hun* 
drod of sixpenny nails. 

A square of plain tiling requires one bundle of laths, one peck 
of tile pins, and three hods of mortar. 

There are 12 pantile laths in a bundle ; 80 bundles make a load. 


MORTAR. 

A cubic yard of mortar requires nine bushels of lime and one 
load of sand. 

Lime and sand, and likewise cement and sand, lose one third of 
their bulk when made into mortar. 

The proportion of mortar or cement, when made up, to tlm lime 
or cement and sand before made up, Is as 2 to 3. 

Lime or cement and sand to make mortar, require as much 
water as is equal to one third of their bulk. 

A cubic yard of concrete requires 84 cubic feet of material ; or 
if the gravel is to the lime as 0 to 1, a cubic yard of concrete 
will require one cubic yard of gravel and sand, and throe bushels 
of lime. 
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AMATEUR MECHANICS* WORKSHOP; 

A treatise containing plain and concise directions for the manipuW 
lion of Wood and Metals, including Casting, Forging, Brazing, 
Soldering and Carpentry. By the author of the ** Lathe and Xti 
Uses.” Seventh edition. Illustrated. 8vo. . , , 

ANBES.-^Animal Fats and Oils: 

Tlieir Practical Production, Purification and Uses j their Properrie% 
FaMdcation and Examination. 62 illustrations. 8vo. • 
ANDES.—Vegetable Fats and Oils ; 

Their Practical Preparation, Purification and Employment; theif 
Properties, Adukemtion and Examination* 94 illustrations, Svo, 

ARLOT.— A Complete Guide for Coach Painters : 

Translated from the French 0^ M. Arlot, Coach Painter, for 
eleven years Foreman of Pain^mg to M. Eherler, Coach Makeup ' 
Paris. By A. A. Fesquet, Chemist and Engineer. To which Is 
added an Appendix, containing InformaBoi *’eioecting the Materials 
and the Practice of Coach and Car Painting w-d Varnishing in the 
United States and Great Britain lanto. . • . Ii.nf 
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A.RMENQAUD, AMOROUX, AND JOHNSON.»«.The Practi. 
'cal Draughtsman’s Book of Industrial Design, and Ma- 
Qhimst's and Engibeer’s Drawing Companion : 

Farming a Complete Course of Mecluiniciil Engineering and Archi 
tectural^ Drawing. From the French of M. Annengaud the elder, 
Prof, of Design in the Conservatoire of Arts and Industry, Paris, and 
MM. Armengaud the ;/ounger, ami Amoroux, dvil Engineers. Re- 
'written and arranged with additional matter and plates, selections from 
and examples of the most useful and generally employed mechanism 
' of the day. By William Johnson, Assoc. Inst, (h IC I Illustrated 
by fifty folio steel plates, and fifty wood-cuts. A new edition, 4to , 

cloth. #6,00 

ARMSTRONG.— The Construction and Management of Steam 
Boilers : 

By R. Armstrong, C. E, With an Appendix by Robert Mallet, 
C. E., F. R, S. Seventh Edition. Illustrated, i vol. lamo. 

ARRO WSMITH. — The Paper-Hanger^s Companion t 

Comprising Tools, Pastes, Preparatory Work ; Selection and Hanging 
of Wall-Papers ; Distemper Painting and Cornice-llnting ; Stencil 
Work ; Replacing Sash-Cord and Broken Window Panes ; and 
Useful Wrinkles and Receipts, By James Arrow-smith, A New, 
Thoroughly Revised, and Much Enlarged Edition. IlkuHtrated by 
25 engravings, 162 pages. (1905) .... #l.oo 

ASHTON. — The Theory and Practice of the Art of Designing 
Fancy Cotton and Woollen Cloths from Sample : 

Giving full instructions for reducing drafts, as well m the methodn of 
spooling and making out harnes.s for cross drafts and finding any re- 
quired reed; with calculations and tables of yarn. By Frederic T. 
Ashton, Designer, West Pittsfield, Mass. With fiftydwo ilhihtrations. 

One vol folio #5.00 

ASKINSON —Perfumes and their Preparation t 
A Comprehensive Treatise on Perfumery, containing Complete 
• Directions for Making Handkerchief Perfumes, Smelling-SVlts, 
Sachets, Fumigating Pastils j Preparations for the Care of the Skin, 
the Mouth, the Hair; Cosmetics, Hair Dyes, and other Toilet 
Articles. By G.W, AsRiNSON. Translated from the German by IsiDOB 
Furst. Revised by CHARLiis Rice. 3a Illustrations, Svo. #3.00 
BR??NGNI ART. —Coloring and Decoration of Ceramic Ware. 
8-'^' . . 112.5a 

BAIRD.— The American Cottotr Spinner, an^ Manager’s and 

Carder^s Guide: 

A Practical Treatise on Cotton Spinning; giving the Dimensions and 
Speed of Machinery, Draught and Twist Calculations, etc.; with 
notices of recent Improvements; together with Rules and Examples 
for making changes m the sizes ana numbers of Roving and Yarn. 
Compiled from the papeTi of the late Rooert H, Bairil tamo, 

#1.50 
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BAKER, -Long-Span Railway Bridges : 

Comijrising Investigations of the Comparative Theoretical and 
Practical Advantages of the various Adopted or Proposed Type 
Systems of Construction j with numerous Kormulm and Table.s. By 
B. Bakkr, 1 2 mo 

BRAN NT.-— A Practical Treatise on Distillation and Rec- 
tification of Alcohol : 

Comprising Raw Materials ; Production of Malt, Preparation of 
Mashes luid of Yeast; Fermentation; Distillation and Rectification 
and l^urification of Alcohol ; Preparation of Alcoholic Liquors, 
Ucpieurs, Cordials, Bitters, Fruit Plssences, Vinegar, etc. ; Plxaraina- 
tion of Materials for the Preparation of Malt as well as of the Malt 
itself ; Examination of Mashes before and after P'errnentation ; Alco- 
holometry, with Numerous Comprehensive I'ables ; and an Appendix 
on the Manufacture of Compressed Yeast and the Examination of 
Alcohol and Alcoholic Liquors for Fusel Oil and other Impurities, 
By WiLWAMC T. Brannt, liditor of ** The Techno-Chemical Receipt 
Book.” ?)econd Edition. Entirely Rewritten. Illustrated by 105 
engravings. 460 pages, 8vo. (Dec., 1903) . . . $4.00 

BARR.— A Practical Treatise on the Combustion of Coal : 
Including descriptions of various mechanical devices for the P>o- 
nomic Generation of Heat by the Combustion of Fuel, whether solid, 

Ikmid or gaseous 8vo ^2.50 

BARR.— A Practical Treatise on High Pressure Steam Boilers; 
Including Results of Recent Experimental I’ests of Boiler Materials, 
together with a de.scription of Approved Safety Apparatus, Steam 
Pumps, Injectors and Economizers in actual use. By Wm. M. Barr, 
204 illustrations. 8vo, ....... $3*00 

BAUERM AN,— A Treatise on the Metallurgy of Iron : 
Containing Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analysis of Iron Ores, Processes of Manufacture of Iron 
and Steel, etc., etc. By IL Baui^rman, F, G. S., Associate of the 
Royal School of Mine.s. Fifth Edition, Revised and Enlarged. 
Illustrated with numerous Wood Engravings from Drawings by J. B. 

i oRDAN. urno, . , . . . . , , $2.0^ 

IAN NT.— The Metallic Alloys ; A Practical Guide 
For the Manufacture of all kinds of Allays, Amalgams, and Solders, 
used by Metal-Workers ; together with their Chemical and Physical 
Properties and their Application in the Arts and the Industries ; with 
an Appendix on the Coloring of Alloys and the Recovery of Waste 
Metals. By Wilmam T. Brannt. 34 Engravings. A New, Re- 
vised, and Enlarged Edition. 554 pages, ovo, . , $4,50 

BEANS,— A Treatise on Railway Curves and Location of 
Railroads : 

By E. W. Beans, C, E. Illustrated. lamo. Tucks. . $1.50 
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BELL- — Carpentry Made Easy: 

Or, The Science and Art of Framing on a New and Improved 
System. With Specific Instriiclioiis for Building Balloon Frames, Bara 
Frames, Mill Frames, Warehouses, Church S})ires, clc. Comprising 
also a System of Bridge Building, with Bills, Estimates of Cost, and 
valuable Tables, Illustrated hy forty-four plates, comprising ,>iearly 
200 figures. By William E, Bull, Architect and Practical Builder. 

8vo ^5,00 

BEMROSE.— Fret-Cutting and Perforated Carving : 

With fifty-three practical illustrations, By W. Bkmrosk, Jr. i vol 

quarto I . . . . $ 2,^9 

BEMROSE.— Manual of Buhl-work and Marquetry: 

With Practical Instructions for Learners, and ninety colored designs, 
By W. Brmrose, Jr. i vol. quarto .... 
BEMROSE.-^Manual of Wood Carving : 

With Practical lllustraiions for Learners of the Art, And Original and 
vSelected Designs. By William Bkmro.sr, Jr. With an Intro- 
duction by Llewellyn Jewitt, F, S. A., etc, With 128 illusira* 

tions, 4to . jjta.50 

BERSCH.— Cellulotse, Cellulose Products, and Rubber Sub- 
stitutes : 

Comprising the Preparation of ('ellulose, Parchment' (hdlukise, 
Methods of Obtainmy: bugur, Alcohol and Oxalic Acid from Wood- 
Cellulose ; Produenon of Nitro-Ccllulose and Cellulose Esters; 
Manufacture of Artificial Silk, Visco.se, Celluloid, Rubber Substi- 
tutes, Oil-Rubher, and Faktis. By Dr. Joseph Bkrscm, IVans- 
lated by William T. Brannt. 41 illustrations. (1004.) $'Loo 
BILLlNQS.--Tobacco; v / / 0 

Its History, Variety, Culture, Manufacture, Commerce, and Variom 
Modes of Use. By E. R. BiLUNas. Illustrated by nearly 200 

engravings,. 8vo jjj.oo 

BIRD.— The American Practical Dyers' Companion ; 
Comijrisinga Description of the Principal Dye-Stuffs and Chemicals 
used in Dyeing, their Nature.^ and Uses ; Mordants and How Made ; 
with the best American, English, French and (Jernmn processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Flannel, Felt, 
Dress Goods, Mixed and Hosiery Yams, Feathers, Crtms, h'elt, Fur, 
Wool, and Stmw Hats, Jute Yarn, Vegetable Ivory, Mats, Skins, 
Furs. Leather, etc*, etc. By Wood Aniline, and other Processes, 
together with Remarks on Finishing Agents, and instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water- Proofing of 
Materials, Tests and Furirmatiou of Water, Manufacture of Aniline 
and other New Dye Wares, Harmonking Colors, etc., etc. ; embrace 
ing in all over Boo Receipts for Colors and Shades, aeempmud h 
lyo D)fi(i Samples of Jhm Maimab ^nd FaMes. By F, J, Bird, 
PracticalDyer, Author of << The Dyers’ Hand-Book.” Bvo. I7.50 
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BUNN. 'A Practical Workshop Companion for Tin, Sheet-. 
Iron, and Copper»platc Workers; 
l uiitaining Rulen Tor describing various kinds of Patterns used by 
Tin, Sheet-Iron and Coppenplate Workers; Practical Geometryi 
Mensuration of Surfaces and Solids; Tables of the Weights of 
Metals, Leachpipe, elc.; Tables of Areas and Clrcumferencei 
ui Circles; Japan, Varnishes, Lackers, Cements, Compc.sitions, etc,, 
etc. By Lkrov J. Bunn, Master Mechanic. With One Hundred 
and Seventy Illustrations, umo II2.S0 

BOOTH *-“Marblc Workers Manual; 

Containing 1‘raciical Information respectinjj Marbles in general, theit 
Cutting, Working and Polishing'; Veneering of Marble; Mosaics; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc, I'ranshued from the French by M. L. Booth. 
With an Appendix concerning American Marbles. 121110., cloth $1.50 

BRANNT.— A Practical Treatise on Animal and Vegetabll 

Fats and Oils .* 

Comprising both Fixed and Volatile Oils, their Physical and Chem- 
ical i*roperlie.H and Uses, the Maimer of Extracting and Refining 
them, and Practical Rules for Testing them ; as well as the Manufac- 
ture of Artificial Butter and Lulnicants, etc., with lists of American 
Pmcuis relating to the Extraction, Rendering, Refining, Decomposing, 
and Bleaching of Fats and Oils, By Willum T. Brannt, Editor 
of the 'I'echno-Chcmical Receipt Book.” Second Edition, Revised 
and in a great part Rewritten. Uluitrated by 302 Engravings. In 

TwoVoUuncs. 1304 pp. 8vo $10.00 

BRANNT. -A Practical Treatise on the Manufacture of Soap 
and Candles : 

Based upon the most Recent Experiences in the IVactice and Science ; 
comprising the Chemistry, Raw Materials, Machinerv, and Utensila 
and VaiiouE Processes of Manufacture, including a great variety of 
formulas. Etliled chiefly from the German of Dr. C, Deite, A. 
Engelhardt, Dr. C. Sclmedler and others; with additions and lists 
of American Patents relating to these subjects, By Wm. T. Beannt, 
Uluitrated by 163 engravings* 677 pages. 8vo. * • |io.oo 

BRANNT ^-.India Rubber, Gutta-Percha and Balata 

Occurrence, Geographical Distribution, and Cultivation, Obtaining 
and Preparing the Raw, Materials, Modes of Working wcl Utiliflng 
them, Including Washing, Maceration, Mixing, Vulcanking, Rubber 
and Gutta-Percha Compounds, Utilization of Waste, etc. By Wai- 
AAM T, Brannt. Illustrated, tamo. (1900.) . . $3.00 
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B RAN NT-« WAHL,-— The Tcchno-Chemical Receipt Book; 

Containing several thousand Receipts covering the latest, most im,. 
portant, and most useful discoveries in Chemical Technology, and 
their Practical Application in the Arts and the Industries. Edited 
chiefly from the German of Drs. Winckler, h'.Lsner, Heint^e, Mier- 
zinski, Jacobsen, Roller and Ilcinzerling, with additions by Wm. T. 
Brannt and Wm. H. Waiii., Ph. I). Illustrated by 78 engravings. 

i2ino. 495 pages #2.00 

BROWN. — Five Hundred and Seven Mechanical Movements ; 
Embracing all those which are most important iti Dynamics, Hy- 
draulics, Hydrostatics, Pneumatics, Steam Engines, Mill and other 
Gearing, Presses, Plorology, and Miscellaneous Machinery ; and in- 
cluding many movements never before published, and several of 
which have only recently come into use. By Henry T. Brown. 

. • . • $ 1,00 

B0CKMASTER,-The Elements of Mechanical Physics : 

By J. C. Buckmaster, Illustrated with numerous engravings. 

i 2 mo jli.oo 

BULLOCK,— The American Cottage Builder : 

A Series of Designs, Plans and Speciflcalions, from |200 to 120,000, 
for Homes for the People; together with Warming, Ventilation, 
Drainage, Painting and i.andscape Gardening. By John Bui.t-OCK, 
Architect and Editor of “The Rutliments of Architcctare and 
Building,” etc., etc. Illustrated by 75 engravings, 8vo. {2.50 
BULLOCK.— The Rudiments of Architecture and Building ; 
For the use of Architects, Builders, Draughtsmen, Machinists, En- 
gineers and Mechanics. Edited by John Bullock, author of *' The 
American Cottage Builder,” Illustrated by 250 Kngravinp, 8vo.j2,5o 
aURQH.— Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 

By N. P. Burgh, Bhigineer. ismo 11,^0 

BYLES.— Sophisms of Free Trade and Popular Political 
Economy Examined. 

By a Barrister (Sir John Barnard BylIs, Judge of C'tmmmn 
Pleis). From the Ninth English Pldition, as published hy the 
Manchester Reciprocity Association, lamo, . . * $t>2K 

BOWMAN.— The Structure of the Wool Fibre in its Relation 
to the Use of Wool for Technical Purposes : 

Being the substance, with additions, of Five Lectures, delivered at 
the request of the Council, to the members of the Bradford Technical 
College, and the Society of Dyers and Colorists. By F. H, Bow- 
man, I). Sc., F, R. S; E,, F. L. S. Illustrated by 33 engravings. 

ovo 157.50 

BYRNE.-Hand-Book for the Artisan, Mechanic, and EngL 
neer : 

•^Comprising the Grinding and Sharpening of Cutting Tools, Abrasive 
Processes, Lapidary Work, Gem and Glass Engraving, Varnishing 
and Lackering, Apparatus, Materials and Processes for Grinding and 
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Polishing, etc. By Oliver Byrnr. Illustrated by 185 wood cm- 

f ravings. Svo #5.00 

RNE.— Pocket-Book for Railroad and Civil Engineers: 
Containing New, Exact and Concise Methods for Laying out Railroad 
Chirvcs, Switches, Frog Angles and Crossings ; the Staking out of 
work; Levelling; the (Calculation of Cuttings: Embankments; Earth*" 
work, etc. By Oliver Byrne. i8mo., full bound, pocket-book 

form . . Ji.So 

LYRNE.— Tnc Practical Metal-Worker's Assistant : 

Comprising Metallurgic Chemistry; the Arts of Working all Metals 
and Alloys ; h'orging of Iron and Steel; Hardening and Tempering; 
Melting and Mixing; Casting and Founding ; Works in Sheet Metal; 
the Processe.s Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
Workers* With the Application of the Art of Electro-Metallmw to 
Manufacturing Processes; collected from Original wSources, and from 
the works of Holtzapffel, Bergeron, Leupold, Plumier, Napier, 
Scodern, Clay, Fairbairn and others, By Oliver Byrne. A new, 
revised and improved edition, to which is added an A|3pendix, con- 
taining The Manufacture of Russian Sheet-Iron. By John Percy, 
M. D,, F* R. S. The Manufacture of Malleable Iron Ca*stin^s, and 
Improvements in Bessemer Steel. By A. A. Fesquet, Chemust and 
Engineer. Willi over Six Hundred Engravings, Illustrating every 

Branch of the Subject. Svo J^S.oo 

BYRNE. -The Practical Model Calculator; 

For the Engineer, Mechanic, Manufacturer of Engine Work, Naval 
Archkeci, Miner and Millwright. By Oliver Byrne, 8vo., nearly 

600 page!^ (Scarce.) 

CAHtNET MAKER'S ALBUM OF FURNITURES 
Comprising a Collection of Designs for various Styles of FumltUfe* 
IlluHirated by Forty-eight Large and Benutifully Engra\'*^cl Plates. 

Oblong, 8vo $ 1.^0 

C ALLINQH AM.— Sign Writing and Glass Embossing ; 

A ('omplete Practical IlluHtrated Manual of the Art* By James 
CALLWaHAH. To which are added Numerous Alphabets and the 
Art of Letter Painting Made Easy. By James C. Babenoch. 258 

pages. lamo |lS^ 

CAMPIN*— A Practical Treatise on Mechanical Enrineenngs 
Comprising^ Metallurgy, Moulding, Casting, Forging, Tools, Work^ 
shop Machinery, Mechanical Manipulation, Manufacture of Steam* 
Engines, etc. With an Appendix on the Analysis of Irot| and Iron 
Ores. Bv Fe ANCIB Campin, C. Bk To which are added, Observations 
00 the Construction of Steam Boilers, and Remarks upon Furnaces 
wed for Smoke Prevention; with a Chapter oii Explosions. By R, 
Armstrono, C. E., and John Bourne. (Scarce.) 
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"CAREY.— A Memoir of Henry C. Carey. 

By Dr. Wm. Eldkr. With u portrait, avo., cloth , , 75 

CAREY.-The Works of Henry C. Carey ; , 

Harmony of Interests : Agricultural, Maiuifacturing and Commer- 
cial 8vo. . , ^^.251 

> Manual of Social Science. Condensed from Cureyls ** Principles 
of wSocial Science.” By Katk McKean, i voL i2mo. , $Lqo 
Miscellaneous Works. With a Portrait 2 vols. 8vo. #ro.oo' 

Past, Present and Future. 8vo ^2.501 

Principles of Social Science. 3 volumes, 8vo, . , ^7,50! 

The Slave-Trade, Domestic and Foreign; Why it Exists, and' 
How it may be Extinguished (1853). . . , I2.00 

The Unity of Law : As Exhibited in the Relations of Physical 
Social, Mental and Moral Science (1872). Svo. . . 12,50 

CLARK. — Tramways, their Construction and Working : 
Embracing 0 Comprehensive History of the System. With an ex^ 
haustive analysis of the various modes of traction, including horse- 
power, steam, heated water and compressed air; a description of the 
varieties of Rolling stock, and ample details of cost and working ex- 
penses.^ By D. Kinnear Clark. Illustrated by over 200 wood 
engravings, and thirteen folding plates, 1 vol 8vo, . $i:,oo 
COLBU RN .-The Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man- 
agement. By Zeraii Colburn. Ii:.istrated. X2mo, , $1,00 

COLLENS.— The Eden of Labor; or, the Christian Utopia. 

By T. Wharton Collens, author of « Hutnanics,*' “ The Histon 
of Charity,” etc. i2mo. Paper cover, 00 ; Cloth . ^1,25 

COOLEY. — A Complete Practical Treatise on Perfutnety: 

Being a Hand-book of Perfumes, Cosmetics and other Toilet Article! 
With a Comprehensive Collection of Formulm. By Aenolb 

Cooley. lamo: $lso 

COOPER.— A Treatise on the use of Belting for the Trsuoi-* 
mission of Power, 


With numerous illustrations of approved am! actual methods of m 
ranging Mam Driving and (Quarter Twist Belts, and of Belt Fasten 
invs. Examples and Rules m great number for exhibiting and cal- 
culating tk size and driving power of Belts. Plain, Particular and 
Practical Directions for the Treatment, Care and Management 0^ 
Belts. Descriptions of many varieties of Beltings, together with 
chapters on the Transmission of Power by Ropes; by Iron and 
Wood Frictional Gearing; on the Strength of Belting Leather; and 
on the Experimental Investigations of Morin, Briggs, and others. 

John H. Cooper, M. E. Svo L . m 

The Practical American Millwright and M^ler, 

By David Craik, Millwright. Illustrated by numerous wood en- 
gravings and two folding plates, Svo. , , , , (Scarce.) 
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CROSS.- — The Cotton Yarn Spinner: 

Showing how the Prcpamlion should be arranged for Dififerem 
C'oiinlH of Yarns by a System more uniform than has hitherto been 
practiced; by having a Standard Schedule from which we make all 
our Changes. By Riciiaru Cross. 122 pp. i2mo. . 75 

CRISTIANL— “A Technical Treatise on Soap and Candles: 
With a (J lance at the Industry of Fats and Oils. By R. S. Cris- 
tlANl, Chemi.st. Author of Perfumery and Kindred Arts.” Illus- 
trated by 176 engravings. 5S1 pages, 5vo. |l5,oo 

COURTNEY.-— -The Boiler Maker’s Assistant in Drawing, 
Templating, and Calculating Boiler Work and Tank 
Work, etc. 

Revised by I). K. Clark, 102 ills. Fifth edition, . . 80 

COURTNEY. — The Boiler Maker’s Ready Reckoner; 

With Examples of Practical Geometry and Templating. Revised by 
D. K. Clark, C. E. 37 illustrations. Fifth edition. . $1.60 

DAVIDSON.— A Practical Manual of House Painting, Grain- 
ing, Marbling, and Sign- Writing: 

Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation of Letters and Practice of Sign- 
Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House Painters, Writers, etc., and a Collection of Useful 
Receipts. With nine colored illustrations of Woods and Marbles, 
and numerous wood engravings. By Ellis A. Davidson, tamo. 

$ 2,00 

DAVIES.— A Treatise on Earthy and Other Minerals and 
Mining: 

By D. C. Davies, F. G. S,, Mining Engineer, etc. Illustrated by 
76 Engravings, lamo #5.00 

DAVIES.— A Treatise on Metalliferous Minerals and Mining; 
By D. C. Davies, F. Cb S , Mining Engineer, Examiner of Mines, 
Quarries and Collieries. Illustrated by 148 engravings of Geological 
Formations, Mining Operations and Machineiy, drawn from the 
practice of all parts of the world. Fifth Edition, thoroughly Revised 
and much Enlarged by his son, E. Henry Davies. i2mo., 524 
pages • • IS'OO 

DAVIES.— A Treatise on Slate and Slate Quarrying: 

Scientific, Practical and Coinmercial. By D. C. Davies, F. G. S., 
Mining Engineer, etc. With numerous illustrations and folding 

plates. 22mo 1 1.20 

DAVIS.— A Practical Treatise on the Manufacture of Brick, 
Tiles and Terra-Cotta : 

Including Stift Clay, Dry Clay, Hand Made, Pressed or Front, and 
Roadway Paving Brick, Enamelled Brick, with Glases and Colors, 
Fire Brick and Bhjcks, Silica Brick, Carbon Brick, Glass Pots, Re* 
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torts, Architectural Terra-Cotta, Sewer Pipe, Drain Tile, Claiicd and 
Undated Roofing Tile, Art Tile, Mosaics, and Imitation of Tntarsia 
or Inlaid Surfaces. Comprising every product of Clay employed in 
Architecture, Engineering, and the Blast Eurnacc, With a Detailed 
Description of the Different Clays employed, the Most Modern 
Machinery, Tools, and Kilns u.sed, and the Processes for Ilmulling, 
Disintegrating, Tempering, and Moulding the Clay into Shape, Dry- 
ing, Setting, and Burning. By Charles Thomas Davis. 'Phird Edi- 
tion. Revised and in great part rewritten. Illustrated hy 261 

engravings. 662 pages 1^12,50 

DAVIS.— 'A Treatise on Steam-Boiler Incrustation and Meth- 
ods for Preventing Corrosion and the Formation of Scale: 
By Charles T. Davis. Illustrated by 65 engravings, Bvo, 
DAVIS. — The Manufacture of Paper; 

Being a Description of tlie vnriou> Processes for the Fabrication, 
(Coloring and Finishing of every kind of Paper, Including the Diff 
ferent Raw Materials and the Methods for Determining their Values, 
tne Tools, Machines and Practical iXdails connected vrith an intelli- 
gent and a profitable prosecution of the art, with special reference to 
Uie best American Practice. To which arc added a History of Pa- 
per, complete Lists of Paper-Making Materials, List of American 
Machines, Tools and Processe.s used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. % Charles T. 
Davis. Illustrated by 156 engravings. 608 pages, 8vo. $6,00 
DAVIS. — The Manufacture of Leather: 

Being a Description of all the Processes for the Tanning and Tawing 
with Bark, Extracts, Chrome and all Modern Tannages in General 
Use, and the Currying, Finishing and Dyeing of Every Kind of Leather; 
Including the Variou.', Raw Materials, the Tools, Machines, and all 
Details of Importance Connected with an Intelligent and Profitable 
Prosecution of tbe Art, with Special Reference to the Best American 
Practice. 'I'o which are added Lists of American Patents (1884-1897} 
for Materials, Proce.sses, Tools and Machines for Tanning, Currying, 
etc. By Charles Thomas Davis, Second Edition, Revised, and 
in great part Rewritten. Illustrated by 147 engravings and 14 Sam- 
ples ol Quebracho Tanned and Aniline Dyed I^eathers. 8vo, cloth, 

712 pages. Price $10.00 

DAWIDOWSKY-BRANNT.— A Practical Treatise on the 

Raw Materials and Fabrication of Glue, Gelatine, Gelatine 
Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 
etc. : 

Based upon Actual EJxperience. By T. Dawidowhky, 'rechiiicid 
Chemist. 'Pranslated from the German, with extensive aclditioiiN. 
including a description of the most Recent American Processes, by 
Wir.UAM T. Bkannt. 2d revised edition, 350 pages. (1905,) 

$ 1^,00 

DE GRAFF.— The Geometrical Stair-Builders’ Guide ? 

Being a Plain Practical System of Hand-Railing, embracing all it* 
necessary Details, and Geometrically Illustrated by twenty- two Stee 
Engravings; together with the use of the most afiproved pnnciplf^ 
of Practical Geometry By SiMON Dk Grafe, Architect (Ocao c.i 
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DE KONINCK—DIETZ. — A Practical Manual of Chemical 
Analysis and Assaying : 

As applied to the Manufacture of Iron from its Ores, and to Cast Iron, 
Wrought Iron, and Steel, as found lu Commerce, By L. L. D» 
Koninck, Dr. Sc., and E. Diktx, Engineer. Edited with Notes, by 
Robert Mallet,^ F. R. S., F. S. (h, M. L C. E*, etc. American 
Edition, Itidited with Notes and an Appendix on IroK Ores, by A. A. 
Fi^:squet, Chemist and Engineer. i2mo. . . , jSi.50 

0NCAN.*— Practical Surveyor's Guide; 

Containing the necessary information to make any person of corw 
mon capacity, a finished land surveyor without the aid of a teacher 
By Andrew Duncan. Revised. 72 engravings, 214 pp. lamo. ^^1.50 
D0PLA1S. — A Treatise on the Manufacture and Distillation 
of Alcoholic Liquors : 

Comprising Accurate and Complete Details in Regard to Alcohol 
from Wine, Molasses, Beets, Grain, Rice, Potatoes, Sorghum, Aspho 
del, Fruits, etc. ; with the Distillation and Rectification of Brandy 
Whiskey, Rum, Gin, Swiss Absinthe, etc., the Preparation of Aro» 
matic Waters, Volatile Oils or Essences, wSugars, Syrups, Aromatit 
Tinctures, Liqueurs, Cordial Wines, Effervescing Wines, etc., tlia 
Ageing of Brandy and the improvement of Spirits, with Copiooi 
• Directions and Tables for Testing and Reducing Sidrituous Liquon, 
eta^i etc. Translated and Edited from tiie French of MM. DuplaiSi 
By M. McKennie, M. D. Illustrated. 743 pp. 8vo. $15.00 
DYER AND COLOR-MAKER'S COMPANION: 

Containing upwards of two hundred Receipts for making Colors, on 
ihe most approvetl principles, for all the various styles and fabrics now 
in cvistence j with the Scouring Process, and plain Directions for 
Preparing, Wa.shiiig.off, and Finishing the (Joods, i2mo. $t 00 
EIDHERk. — T he Techno-Chemical Guide to Distillation: 

A Hand-Book for the Manufacture of Alcohol and Alcoholic laquors, 
including the Preparation of Malt and C'ompressed Yeast. Edited 
from the German of Ed. Eidherr. 

EDWARDS.— A Catechism of the Marine Steam-Engine, 

For the use of Engineers. Firemen, and Mechanics. A Practical 
Work for Pnmiictil Men. Ily Emory Edwariks, Mechanical Engi. 
neer. IlluHtrated by sixty-three Engravings including examples nf 
ihe most modem Phigines. Third edition, thoroughly revised, with 
much additional matter, i2mo, 414 pages . . . $200 

EDWARD S.—Modern American Locomotive Engines, 

Their Design, Construction and Management. By Emory EowaEBSi, 
Illustrated i2mo. $2.00 

EDWARDS.-The American Steam Endneer ; 

Theoretical an<l Practical, with examples of the latent and most ap- 
proved American practice in the design and construction of Steam 
Engines and Boilers, For the use or engineers, machinists, boiler- 
mkers, and engineering students.. By EmorY’ Edwards. B'uily 
illustrated, 419 pages, ismo. - . • » |2.|0 
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EDWARDS. — Modem American Marine Engines, Boilers, aii4 
Screw Propellers, 

Thdr Design and Construction. Showing the Present Practice ot 
the most Eminent Engineers and Marine Engine Builders in the 
United States. Illustrated by 30 large and elaborate plates. 4to. 1^5.00 
EDWARDS.— The Practical Steam Engineer’s Guide 
In the Design, Construction, and Management of American Stationary, 
Portable, and Steam Fire-Engines, Steam Pumps, Boilers, Injectors^ 
Governors, Indicators, Pistons and Rings, Safety Valves and Steam 
Gauges. For the use of Engineers, Firemen, and Steam Users. By 
Emory Edwards. Illustrated hy 119 engravings. a2o pages. 

i2mo 50 

EISSLER.— The Metallurgy of Silver; 

A Practical Treatise on the Amalgamation, Roasting, and Lixivwtiou 
of Silver Ores, including the Assaying, Melting, and Refining of 
Silver Bullion. By M. Elssi.kr. 124 Illustrations. 336 pp. 

i2mo m.25 

ELDER. — Conversations on the Principal Subjects of Political 
Economy. 

By Dr. Wiujam Elder. 8vo. ... , IS2.50 

ELDER. — Questions of the Day, 

Economic and Social. By Dr. William Eldkr. Svo. , IS3.00 
£RNI AND BROWN — Mineralogy Simplified. 

Easy Methods of Identifying Minerals, including Ores, by Means o< 
the Blow-pipe, by Flame Reactions, by Humid Chemical Analysis, 
and by Physical Tests. By Hknri Krni, A. M,, M. D. Third Edi- 
tion, reviseil, re-arranged and with the addition of entirely new mutter, 
including Tables for the Determination of Minerals by (liemical and 
Pyrognostic Characters, and by Physical Characters By Amos F. 
Brown, E. M,, Ph. D. 330 pp., illustrated by 96 engravings, pocket- 
book form, full flexible morocco, gilt edges . . . #2.50 

FAIRBaIRN. The Principles of Mechanism and Machinery 
of Transmission ; 

Comprising the Principles of Mechanism, Wheels, and Pulleys, 
Strength and Proportion of Shafts, Coupling of Shafts, and Phigag. 
ing and Disengaging Gear, By Sir William Fairhairn, Bart. 
C. E. Beautifully illustrated by over 150 wood-cuts. In one 
volume, i2mo $2.00 

FLEMING. — Narrow Gauge Railways in America ; 

A Sketch of their Rise, Progress, and Success. Valuable Statistics 
as to Grades, Curves', Weight of Rail, Locomotives, Cars, etc. By 
Flo WARD Fleming, Illustrated, 8vo |i.oo 

FORSYTH. — Book of Designs for Headstones, Mural, and 
other Monuments ; 

Containing 78 Designs. By James Forsyth, With an Introduction 
by Charles Boutell, M. A. 4to., cloth . . . #3.50 

FRIRDBERQ. Utilization of Bones by Chemical Means* 
especially the Modes of Obtaining Fat, Glue, Manures! 
Phosphorus and Phosphates. 

Illustrated. 8vo. (In preparation.) 
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FRANKEL— HUTTER.— A Practical Treatise on the Mann* 
facture of Starch, Glucose, Starch-Sug:ar, and Dextrine:' 
Based on i,he (xeruuin of Ladlsi.aus Von Waqnkr, Professor in the 
Royal Technical High School, Biida-Pest, Hungary, and other 
authorities. By JOLIUS Krankrl, (iraduate of the Polylechnic 
School of Hanover. Edited by Roukrt Huttrr, Chemist, Practical 
Manufacturer of Starch-Sugar. Illustrated by 58 engravings, cover- 
ing every hratich of the subject, including examples of the most 
Recent and Best American Machinery. 8vo., 344 pp. $6,00 
GARDNER.-— The Painter*8 Encyclopaedia: 

Containing Dermitions of all Important Words in the Art of Plain 
and Artistic I'ainthig, with Details of Practice in Coach, Carriage, 
Railway Car, House, Sign, and Ornamental Painting, including 
(draining, M,arhling, Staining, Varnishing, Polishing’ Lettering, 
Stenciling, Gilding, Bronzing, etc. By Franklin B, Gardner. 

I5B Illustrations, umo. 427 pp f;2.oc 

GARDNER.— Everybody's Paint Book: 

A Complete Guide to the Art of ( )uldoor and fndoor Painting. 38 
illustrations. i2mo, 1B3 pp Ii.oo 

GEE.— The Jeweller’s Assistant in the Art of Working in 
Gold: 

A Practical Treatise for Masters and Workmen. i2mo. , j^.oo 
GEE.— The Goldsmith's Handbook; 

Containing full instructions for the Alloying and Working of Gold, 
including the Art of Alloying, Melting, Reducing, Coloring, Col 
lecting, and Refining •, the Processes of Manipulation, Recovery of 
Waste j tdieinical and l^hysical Properties of Gold; with a New 
System of MUing its Alloys; Solders, Enamels, and other Useful 
Rules and Recipes. By Groror E. Gkk. i2mo. ' . ^1.25 

GEE—The Silversmith’s Handbook 
Containing full inhtvuction.s for the Alloying and Working of Silver, 
Including the tliderent modes of Reliiuiv; md Mtdting the Metal; its 
Solders ; the Preparation of Imitation Alloys ; Melhous of Manipula- 
tion; Prevention of Waste ; Insiructlous for Im])roving and Finishing 
the Surface of the Work ; together with other Useful Infonnntion ana 
Memoranda. By Groror K. Ger, Illustrated. i2mo. 11,25 
GOTHIC ALBUM FOR CABINET-MAKERS; 

Designi for Gothic Furniture, Twentydhree plates. Oblong #1.50 
GRANT.'— A Handbook on the Teeth of Gears : 

I'heir Curves, Properties, and Practical Construction. By GuoRtm 
B. Grant, Illustrated, Tliircl Edition, enlarged. Svo, #1.00 
GREENWOOD,— Steel and Iron; ■ * 

Comprising the Practice and Theory of the Several Methods Pur- 
sued in tlieir Manufacture, and of their Treatment in the Rolling-- 
Mills, the Forge, and the Foundry. By Wiujam Henry Green* 
WOOD. F* 0 . S. With 97 Diagrams, 536 pages, ramo, I1.75 
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GREGORY,— Mathematics for Practical Men ; 

Adapted to the Pursuits of Surveyors, Architects, Mechanics, and 
Civil Engineers. By Olinthus Gregory. 8vo., plates $3.00 

GRISWOLD.— Railroad Engmccr*s Pocket Companion for th^ 
Field : 

Comprising Rules for Calculating Deflection Distances and Angles, 
Tangential Distances and Angles, and all Necessary 'Pables for En 
g^ineers; also the Art of Levelling from Preliminary Survey to :b<j 
Construction of Railroads, intended Expressly for the Young Em 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo., tucks ..... |lso 
BRUNER,— Studies of Blast Furnace Phenomena: 

By M. L. Gruner, President of the General Council of Mines oi 
France, and lately Ppfessor of Metallurgy at the Ecole des Mines, 
Translated, with the author’s sanction, with an Appendix, by L. IX 
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . #2.50 

Hand-Book of Useful Tables for the Lumberman, Farmei and 
Mechanic : 

Containing Accurate Tables of Logs Reduced to Inch Board Meas. 
ure, Plank, Scantling and Timber Measure ; Wages and Rent, by 
Week or Month j Capacity of Granaries, Bins and Gsterns; Land 
Measure, Interest Tables, with Directions for Finding the Interest on 
any sum at 4, 5, 6, 7 and 8 per cent., and many other Useful Tables. 

32 mo., boards. 186 pages 

HASERICK,— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 

Including Bleaclvlrsg and Coloring Wool and Cotton Hosiery and 
Random Yarns. A Treatise based on Economy and Practice, By 
E, C. Haserick. Iliusirated by 323 Dyid PaiUrns 0/ th farm 
or JFabrics, 8vo. ,1 JS.ou 

HATS AND FELTING : 

A Practical Treati.se on their Manufacture. By a Practical Hatter, 
Illustrated by Drawings of Machinery, etc. 8vo. . . Jx.oo 

HERMANN.— Painting oh Glass and Porcelain, and Enamel 

Painting: 

A Complete Introduction to the Preparation of all the Colors and 
Fluxes Used for Painting on Glass, Porcelain, Enamel, Faience and 
Stoneware, the Color Pastes and Colored Glasses, together with A 
Minute Description ol the Firing ot Colors and Enamels, on the 
Basis of Personal Practical Experience of the Art up to Date. tS 
illustrations. Second edition 

HAUPT.— Street Railway Motors: 

With Descriptions and Cost'of Plants and Operation of the Various 
Svstems now in Use. 12mA .... I«' 7 S 
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-A Manual of Engineering Specifications and Con- 


HAUPT.- 

tracts. 

By Lewis M, Haupt, C, E, Illustrated with numerous maps. 
3 * 8 PP- 8vo ^ 

HAUPT.— The Topographer, His Instruments and Methods. 
By l.hwis M. IIauit, A. M., C. E. Illustrated with numerous 

plates, maps and engravings. 247 pp. 8vo. . , . ^^3.00 

HUGHES.— American Miller and Millwright's Assistant: 

By William Cauter Hiigiies, lamo 

H 0 LME.— Worked Examination Questions in Plane Geomet- 
rical Drawing : 

tor the Use of CandidatcK for the Royal Military Academy, Wool- 
wich; the Royal Military College, Sandhurst ; the Indian Civil En. 
gineering College, Cooper's Hill ; Indian Pul)lic Works and Tele- 
l^raph Departments ; Royal Marine Light Infaimy ; the Oxford and 
Cambridge Local Examination.s, etc. By E. Edward Hulmr, F. 1 ., 
S., F. S. A., An-Master Marlborough College. Illustrated by 300 

examples. Small quartc ft % 

EHV IS.-Railroad Property : * 

A Treatise on the Construction and Management of Railways; 
denigned to afford useful knowledge, in the popular style, to the 
holders of this class of property; as well as Railway Managers, f)fli 
cers, and Agents. By John B. Jkrvis, late Civil Engineer of the 
Hudson River Railroad, Croton Aqueduct, etc. i2mo., cloth Hr co 
KEENE.-“»A Hand-Book of Practical Gauging; 

For the Use of Beginners, to which is added a Chapter on Distilla- 
tion, describing the process in operation at the Custom-House foi 
ascertaining the Strength of Wines. By James B, Keene, of H. M. 
Customs. 8va. |l.od 

ICEyi.#EY.-»-Spceches, Addresses, and Letters on Industrial and 
Financial Questions : 

"01^ WlLMAM I). KiSM.KY, M. C 544 pagCB, 8vo. . S2.S0 

KELLOGG.— A New Monetary System ; 

The only means of Securing (he respective Rights of Labor and 
Property, and of Protecting the Public from Financial Revulsions, 
Br Edward Kellogg, i2mo. Paper cover, JSi.oo, Bound in 



KEMLO.-Watch-Repairer's Hand-Book : 

Being a Complete Guide to the Young Beginner, in Taking Apart, 
Putting Together, and Thorouajhly Cleaning the English Lever and 
other Foreign Watches, and all American Watches. By F. IC&MLG, 
^fACtical Watchmtkfr, With Illustrations, lama Jl.25 



iS HENRY CAREY BAIRD & CO.’S CATALOGUE. 


KENTISH.r«A Treatise on a Box of Instruments, 

And the Slide Rule ; with the Theory of 'rrigouornctry and Logs 
rithms, including Practical Geometry, Surveying Measuring of Tim- 
ber, Cask and Malt Gauging, Heights, and Distances. By Thomaj 
Kentish. In one volume. i2mo. » . , . $1.00 

KERL.— The Assayer’s Manual: 

An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artificial Products, By Bruno Kkrl, krofessor 
in the Royal School of Mines. Translated from the German by 
William T. Brannt. Second American edition, edited with Ex- 
tensive Additions by F. Lynwood Garrison, Member of the 
American Institute of Mining Engineers, etc. Illustrated by, 87 en- 
gravings. 8vo. (Third Edition in preparation. ) 

KICK.— Flour Manufacture . 

A Treatise on Milling Science and Practice. By Frederick Kick 
Imperial Regierungsrath, Professor of Mechanical Technology in tlm 
imperial German Polytechnic Institute, Prague. Translated from 
the second enlarged and revised edition with supplement by 11. H. 
P. PowLES, Assoc. Memb. Institution of Civil Engineers. Illustrated 
with 28 Plat<^, and 167 Wood-cuts. 367 pages. 8vo. . #10.00 

KINQZETT.— -The History, Products, and Processes of the 
Alkali Trade : 

{ricluding the most Recent Improvements. By Charles Thomas 
i^,vr:v;KTT, Consulting Chemist. With 23 illustrations. 8vo, #2.50 
KIRK.— The Cupola Furnace: 

A Practical Treatise on the Constraction and Management of Foundry 
Cupolas. By Edward Kirk, Practical Moulder and Mclter, Con- 
. suiting Expert in Melting. Illustrated by 78 engravings. Second 
Edition, revised and enlarged. 450 pages. 8vo, 1903, #3.50 

LANDRIN.— A Treatise on Steel : 

Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H. C. Landrin, Jr. From the French, by A. A. 

Fesquet. i2mo. , . #2,50 

LANGBEIN,— A Complete Treatise on the Elcctro-Deposl 
tion of Metals : 

Compriskig Electro- Plating and Galvan oplastic Operations, the De- 
position of Metals by the Contact and Immersiim l^rocesses, the Color- 
ing of Metals, the Methods of Grinding and Polishing, as well m 
Descriptions of the Electric Elements, Dynamo-Electric Machines, 
Thermo* Piles and of the Materials and Processes used in Every I)o» 
partment of the Ait. From the German of Dr. George Lanqbein, 
with additions by Wm, T. BraKNT. Fifth Edition, thoroughly revised 
and much enlarged. 1 70 Engravings. 694 pages 8vo. 1905. #4.00 
LARDNER.— The Steam-Engine: 

For the Use of Beginners. Illustrated. lame. • • # 6 q 

LEHNER.— The Manufacture of Ink: 

Comprising the Raw Materials, and the Preparation i>f Writing, 
Copying and Plektograph Inks, Safety Inks, Ink Extracts and Pow- 
ders, etc. Translated from the German of SlGMUND Lkhner, with 
additions by William T* Brannt, Illustrated. lamo, $2,o(^ 
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LARKIN.— The Practical Brass and Iron Founder’s Guide < 

A Concise Treatise on Brass Foundinp;, Moulding, the Metals and 
their Alloys, etc.; lo which arc added Recent Improvements intha 
Manufacture of Iron, Steel hy the Bessemer Process, etc., etc. B| 

t AMKS Larkin, late Conductor of the Brass Foundry 'Department is 
teany, N<nilie ik Co.’s Penn Works, Philadelphia. New edition* 
reviseil, with extensive additions. 414 pages. i2mo. , 
LEROUX.— A Practical Treatise on the Manufacture of' 
Worsteds and Carded Yarns : 

Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning; Sorting, Cleaning, and Scouring Wools; the English 
and French Methods of Comlmig, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Yarns, Translated from the French of 
Charles Lkroux, Mechanical Engineer and Superintendent of a 
Spinning-Mill, by IIoRATio Paine, M. D., and A. A. P'esquet, 
Chemist and Engineer. Illustrated by twelve large Plates. To which 
is added an Apiiendix, containing Extracts from the Reports of the 
International fury, and of the Artisans selected by the Committee 
appointed by the Council of the Society of Arts, London, on Woole* 
and Worsted Machinery and Fabrics, as exhibited in the Paris Unh 
versa! Ex[S08ition, 1867. 8vo. . . . . . #5.00 

lEFFEL.— T he Construction of Mill-Dams j 
Comprising also the Buihiiug/)f Race and Reservoir Embankments 
and Head-Gates, the Measurcmenl of Streams, Gauging of Water 
Supply, etc. By jAMFii Lkekkl & Co. Illustrated by 58 enmvings. 

8vo (Scarce.) 

LESLIE.-Complete Cookery: 

Directions for Cookery in its Various Branches. By Miss Leslie, 
Sixtieth thousand. Thoroughly revised, with the addition of New 
Receipts, i2mo, ... . #1.50 

LE VAN.— The Steam Engine and the Indicator: 

Their Origin and Progressive Development; including the Most 
Recent Examples of Steam and Gas Motors, together with the Indi- 
cator, its Principles, its Utility, and its Applicntion. By William 
Barnet Lr Van. Illustrated by 205 Engravings, chiefly of Indi. 

cator-Cards. 469 pp. Svo $2,00 

LIEBER.— Asstyer’s Guide j 

Or, Practical Directions to Assayeri* Miners, and Smelters, for the 
Tests and Assay.s, by lieat and by Wet Processes, for the Ores of all 
tp principal. Metals, of Gold and Silver Coins and Alloys, and of 
(foal, etc. By Oscar M. Lirbke. Revised, 283 pp. wnm. $i,$o 
■tockwood’s Dictionary of Terms: 

Used in the Practice of Mechanical Engineering, embracing those 
Current in the Drawing OITice, Pattern Shop, Foundry, Fitting, Turn- 
ing, Smith’s and Boiler Shops, etc., etc., comprising upwards of Six 
lihiousand Definitions. Edited by a Foreman Pattern Maker, author 
erf ** Pattern Making.” 4*7 PP* ’ * ^l' 7 S 
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LUKIN.-Tfee Lathe and Its Uses : 

Or Instruction in the Art of lurning Wood and Metal* Including 
a Description of the Most Modern Appliances for the Ornamentation 
of Plane and Curved Surfaces, an Entirely Novi .4 Form of loathe 
for Eccentric and Rose-Engine I'urning; A Lathe and Planing 
Machine Combined; and Other Valual)le Matter Relating to the 
Art. Illustrated by 462 engravings. Seventh edition. 315 pages. 

8vo I4.2S 

MAIN and BROWN.— Questions on Subjects Connected with 
the Marine Steam-Engine : 

And Examination Paperh; with Hints for their Solution. By 
Thomas J. Main, Professor of Mathematics, Royal Naval College, 
and Thomas Brown, Chief Engineer, R. N. i2mo., cloth . jfi.oo 
MAIN and BROWN.— The Indicator and Dynamometer! 

With their Practical Applications to the Steam-Engine. By THOMAS 
Ji Main, M. A. F. R., Ass’t S, Professor Royal Naval College, 
Portsmouth, and Thomas Brown, Assoc. Inst. C. K,, Chief Etigineer 
R, N., attached to the R. N. College. Illu.stratfd. 8vo. , 

MAIN and BROWN,— The Marine Steam-Engine. 

By Thomas J. Main, F. R. Ass’t S. Mathenuilioal Professor at the 
Royal Naval College, Portsmouth, and Thomas Brown, A.S.SDC. 
Inst. C, E., Chief Engineer R. N. Attached to the Royal Naval 
College. With numerous illustrations. 8vo. 

MAKINS.— A Manual of Metallurgy: 

By George Hogar'I'ii Makins. ioo engravings. Second edition 
rewdtten and much enlarged, lamo,, 592 pages . 

MARTIN. -Screw-Cutting Tables, for the Use of Mechanical 
Engineers ; 

Showing the Proper Arrangement of Wheels for Cutting the Threads 
of Screws of any Required Pitch ; with a Table for Malting the IJni* 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
.50 

MICHELL— Mine Drainage? 

Being a Complete and Practical Treatise on Direct-Acting Uadur 
mund Sceaip Pumping Machinery. With a Descriiition of a krg^ 
number of the best known Engines, their General Utility and the 
Special Sphere of their Action, the Mode of their Application, and 
their Merits compared with other Pumping Machinery. By Stkpmew 
Michrix. Tlhistvated by 247 engravings. 8vo., 369 pages, I12 50 
MOLESWORTH -Pocket-Book of Useful FoVmul« and 
Memoranda for Civil and Mechanical Engineers. 

By Guilford L. Molesworth, Member of the Institution of Civil 
Engineers, Chief Re.sident Engineer of the Ceylon Railway. Full- 
bound in Pocket-book form |l,oo 
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MIOORB. — The Gniversal Assistant and the Complete 
chanic : 

Contaitung over one million Industrial Facts, Calculations, Receipt 
Processes, Trades Secrets, Rules, Business p'orms, Legal Items, Etc., 
in every occupation, from the Household to the Manufactory. B| 
R. Moork. Illuslruletl hy 500 Engravings. l2mo. . #2.50 

MORRIS. — Easy Rules for the Measurement of Earthworks : 
By means of the Prismoidal Formula, lllusiraied with Numerow 
Woc^d’Cuts, IVohlems, and Examples, and coitcludcd by an Extern 
sive Table for finding the Solidity in cubic yards from Mean Areas, 
'rhe whole being adapted for cotivenient use by ICn pincers, Surveyorsi 
Contractors, and others needing Correct Measurements of Earthwork 
By Elwood MoRkrs, C. E. §vo. ..... 
MAUCHLINE. -The Mine Foreman’s Hand-Book 
of Practical an I 'rheoretieal Liformaiion on the Opening, Ventl 
lating, and Working of Ctdlieries. Questions and Answers on Prac. 
tical and Theoretical Coal Mining. Designed to Assist Students and 
Others in Passing Examinations for Mine Foremanships. By 
Robert Maucuune. 3a Edition. Thoroughly Revised and En- 
larged by F. Ernest Braokktt. 134 engravings, 8vo. 378 pages. 

(1905) JS3.7S 

MAPIER.-— A System of Chemistry Applied to Dyeing. 

By JAME.S Napier, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the present state of the Science, 
tncluding the Chemistry of Coal Tar*Colors, by A. A, Fesqxtet, 
Chemist and Engineer. With an Appendix 00 Dyeing and Cahee 
Printing, as'slutwn at the Universal Exposition, Paris, 1867. Illus- 
trated. 8vo. 422 pages ^3-^0 

NEVILLE.— Hydraulic Tables, Coefficients, and Formulae, fo» 
finding the Discharge of Water from Orifices, Notches 
Weirs, Pipes, and Rivers ^ 

Third Edition, with Addi dons, consisting of New Fornmlie for the 
)ischarge from Tidal and Flood Sluices and Siphons; general infer 
nation on Rainfall, Catchment-Basins, Drainage, Sewerage, Water 
Supply for Towns and Mill Power Bv loHN Nevti.t.k. C. K. M R 
I, A. 5 Fellow of the Royal Geological Society of Ireland. Thldl 

lamo. . ' . . . IS*S® 

,JEWBBRy.'«" Gleanings Irom Ornamental Art of ereiy 
style : 

Drawn from Examples in the British, South Kensington, Indian. 
Crysial Palace, and other Museums, the lilxhibilions of 1851 and 
1862, and the liest ICngiish and Foreign works, In a series of loo 
exciuisitcly drawn Plates, containing many hundred examples. By 
Rohert Newberv. 410, .... * (Scarce. i 

NICHOLLS. -"The Theoretical and Practical Boiler** Maker and 



Foremen a'vl Wurldnu Bodcr-Maker«! Iron» Copper, and Tinsmith* 
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Draughtsmen, Engineers, the (ieneral Steam-using Public, ami for tl^ 
Use of Science Schools and Classes. By Samimcl Niciiotis. lllui 

trated by sixteen plates, 12100. 

NICHOLSON.— A Manual of the Art of Bookbinding : 
Containing full insl ructions in the dificrent Branches of h'orwarding 
Gilding, and Finishing. Also, the Art of Marbling Book-edges ami 
Paper. By Jamks B. NicitonsoN. tllustrated. i2mo., cloth $za<L 
NICOLLS.-The Railway Builder; ^ 

A Hand-Book for Estimating the Probable Cost of American Raib 
way Construction and Etiuipmcnt. By William J. Kicolls, ('iv| 
Engineer. Illustrated, full bound, pocket-book form . $ 2 m 

NORMANDY.— The Commercial Handbook of Chemical An# 
alysis: 

Or Practical Instructions for the Determination of the Intrinsic oi 
Commercial Value of Substances used in Manufactures, in I'mdes, 
and in the Arts. By A. Normandy. Hew Edition, Enlarged, and 
to a great extent rewritten. By Henry M. Noad, Ph.D„ F.R.S., 

thick i2mo 

NORRIS.— A Handbook for Locomotive Engineers and Ma« 
chinists : 

Comprising the Proportions and Calculations for Constructing Loco, 
motives; Manner of Setting Valves; Tables of Square.^, Cubes, Areas, 
etc., etc. By Septimus Norris, M, E. New edition. Illustrated, 

#i.Sc 

NYSTRCM.— A New Treatise on Elements of Mechanics : 

Establishing Strict Precisiemin the Meaning of Dynamical Termsi 
accompanied with an Appendix on Duodenal Arithmetic ami Me 
trology. By John W, Nystrom, C, E, Illusimied. gvo. 
NYSTROM.-~On Technological Education and the Construe* 
tion of Ships and Screw Propellers: 

For Naval and Marine Engineers. By John W. Nystrom, hui 
Acting Chief Engineer, U. S. N* Second edition, revised, with add! 
tional matter, Illustrated by seven engravings. lamo. . 

0 NEILL.— A Dictionary of Dyeing and Calico Priming s / 
Containing a brief account of all the Substances and Prt)eesses| c 
' use in the Art of Dyeing and Printing Textile Fabrics ; with Practfa 
Recemts and Scientific Information. By CHARLES O’Neill, AnaK" 
tical Chemist. To which is added an Essay on Coal Tar Colors anti 
ftejr application to Dyeing and Calico Printing. By A, A. Fksquet 
C hemirt and Engineer. With an appendix on Dyeing and Calic// 
irinting, as shown at the Universal Exposition, Paris, 1867 8vo 
49 * pages . . on 

ORTON.-Underground Treasurest 
How and Where to Find 'rhem. A Key for the Ready Determination 

Slates. By jAMEs 

)RTON, A.M., Late of Natural History in Vassar College 

N. Y ; autlK'r of the « Andes and the Amason,” etc. A New Edu 
Strated^" Appendix on Ore Deposits and Testing Minerals (1901). 
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OSBORN. —The Prospectoi‘’s Field Book and Guide, 

It» the Search l<or luul the Easy Determination of Ores and Other 
Useful Minerals. By l‘rol. IL S. Oshorn, LL. D. Illustrated by 66 
Kngrnvinj^s. Sixth Edition. Revised and Knlarp;ecl; 360 pa|?es, 
i2mo. (Dec., 1903) 

DSBORN— A Practical Manual of Minerals, Mines and Min- 
ing: 

Comprising the Physical Properties, Geologic Positions, Local Occur- 
rence and Association.^ of the Useful Minerals; llidr Methods of 
Chemical Analysis and Assay ; together with Various Systetus of Ex- 
cavating and Timbering, Brick and Masonry Work, during Driving, 
lining, Bracing and other Operations, etc. By Prof. IL S. OsBORN, 
LI., D., Author of The Prospector’s Field-Book and Guide.” 171 
engravings. Second Edition, revised, Svo. . • . 14,50 

0?ERMAN.-The Manufacttire of Steel; 

Containing the Practice and Principles of Working and Making Steel 
A Handbook for Blacksmiths and Workers in Steel and Iron, Wngop 
Makers, Die Sinkers, (Sutlers, and Manufacturers of Files and Hard- 
ware, of Steel and Iron, and for Men of Science and Art. By 
Frederick Overman, Mining Engineer, Author of the “ Manu- 
facture of Iron,” etc. A new, enlarged, and ^revised Edition. By 
a: a. Fesqwt, Chemist and Engineer. i2mo. , . #1.50 

OVERMAN.*— The Moulder's and Founder's Pocket Guide ; 

A Treatise oai Moulding and Founding in Green-sand, Dry-sand, Loam, 
and Cement ; the Moulding of Machine Frames, Mill-gear, Hollow- 
ware, Ornaments, Trinkets, Bells, and Statues; Description of Moulds 
for Iron, Bronze, Brass, and other Metals; Plaster of Paris, Sulphur, 
Wax, etc. ; the Construction of Melting Furnaces, the Melting and 
Founding of Metals ; the Composition of Alloys and their Nature, 
etc., etc. By Frederick Overman, M, E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Moulding, 
Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem*- 
iit and Engineer. Illustrated by 44 engravings. i2mo. . $ZM 
PAINTER, GILDER, AND VARNISHER'S COMPANION. 
Comprising the Manufacture and Test of Pigments, the Arts of Paint* 
ing, Graining, Marbling, Staining, Sign- writing, Varnishing, Glass- 
staining, and Gilding on (to; together with Coach Painting and 
Varnishing, and tlie Principles of the Harmony and Contrast of 
Colors. Twenty-seventh Edliitm. .Revised, Enlarged, and in great 
part Rewritten. By Wideiam T. Brannt, Editor of Varnishes, 
Lacquers, Printing Inks and Sealing Waxes,” Illustrated* 395 pp. 
i2mo. I1.50 

PALLETT.—The Miller's, Millwright's, and Engineer's Guide. 
By Henry Pallett, Illustrated. i2mo. . . . #2.00 
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PERCY,“-Thc Manutacture of Russian Shset-lron. 

Bv John Pkrcy, M. JD., F. R. S. Paper. , * . 25 cti* 

PEkKINS.— Gas and Ventilation : 

Practical Treatise on Gas and Ventilation* Illustrated. l2mo. 
PERKINS AND STOWE.-^A New Guide to the Sheet-iron 
and Boiler Plate Roller : 

Containin^t a Series of Tables showinjy the Weight of Slabs and Piki 
to Produce Boiler Plates, and of the Weight of Piles and the Sizes o( 
Bars to produce Sheet-iron; the Thickness of the Bar (iauge 
in decimals ; the Weight per foot, and the Thickness on the Bar or 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of various 
dimensions to weigh 02 lbs. per bundle; and the conversion of 
Short Weight into Long Weight, and Long Weight into Short. 

#1.50 

POSSELT.— Recent Improvements in Textile Machinery Re- 
lating to Weaving : 

Giving the Mo.hI Modern Points on tlie Construction of all Kinds 
of Looms, Warpers, Beamers, Slashers, Winders, Spoolers, Reeds, 
Temples, Shuttles, Bobbins, Ileddles, Ileddle Frames, Pickers, 
Jacquards, Card Stampers, etc., etc. 600 ill us. . . #3 00 

POSSELT.— Technology of Textile Design: 

The Most Complete Treatise on the Construction and Application 
of Weaves for ail Textile Fabrics and the Analysis of Cloth. By E. 

A. Posselt. 1,500 illustrations. 4to $^,00 

POSSELT.— Textile Calculations; 

A Guide to Calculations Relating to the Manufacture of all Kinds 
of Yarns and Fabrics, the Analysis of Cloth, Speed, Power and Belt 
Calculations. By E. A. PosSELT. Illustratedt 4to. • I2.00 

REGNAULT.— Elements of Chemistry: 

By M. V. Reonault. Translated from the French hv T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, Metallurgist and 
Mining Engineer. Illustrated by nearly 700 wood-engravings. Com- 
prising nearly 1,500 pages. In two volumes, 8vo,, cloth . #6.00 

RICHARDS. — Aluminium : 

Its History, Occurrence, Properties, Metallurgy and AppUcatknii, 
including its Alloys. By JOSEPH W. Richards, A. C., Chemist and 
Practical Metallujglst, Member of the Deutsche Chemische Gesell* 
schaft. must. Tliird edition, enlarged and revised (1895) • 
felFFAULT, VERGNAUD, and TOUSSAINT.— A Practical 
Treatise on the Manufacture of Colors for Painting ; 
Comprising the Origin, Definition, and Clansificntion of Colors; tlie 
Treatment of the Raw Materials; the best Formula and the Newest 
Processes for the Preparation of every description of Figment, and 
the Necessary Apparatus and Directions for its Use; Dryers; th# 
testing. Application, and Qualities of Paints, etc., etc. By MM. 
RiFEAtit.T, VERONAtrn, and Toussaikt. Revised and Edited by M. 
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F. Malepeyrk. Tranuated from the French, by A. A. FsBQon^ 
Chemist and Engineer. Illustrated by Eighty engravings. In one' 

voi., Bvo., 659 pages 

ROPER.-— Catechism for Steam Engineers and Electricians; 
Including the Coinstruciion and Management of Steam Engines, 
Steam Boilers and Electric Plants. By vStephkn Roper. Tvi’enty- 
lirst edition, rewritten and greatly enlarged by E, R. Kfxler and 
C. W. Pike. 365 page.s. Illustrations. i8mo., tucks, gilt. $2,00 
ROPER.— Engineer’s Handy Book: 

Containing Facts, Formiilm, 'fables and Questions on Power, Us 
Generation, Transmission ami Measurement; Heat, Fuel, and Steam; 
The Steam Boiler and Accessories ; Steam Engines and their Parts ; 
Steam Engine Indicator; Gas and Gasoline Engines; Materials; 
their Properties and Strength; Together with a Discussitm of the Fun- 
damental Experiments in Electricity, and an Explanation of Dynamos, 
Motors, Batteries, etc,, and Rules for Calculating Sizes of Wires. By 
Stephen Roper, ijdi edition. Revised and enlarged by E. IC 
Keller, M. E. and C, W, Pike, B. S* (1899), with numerous illus- 
trations. Pocket-book form. Leather I3.50 

ROPER.— Hand-Book of Land and Marine Engines ; 

Including the Modelling, Construction, Running, and Management 
of Lam’ and Marine Engines and Boilers. With ilJustrations. By 
Stephen Roper, Engineer. Sixth edition. i2mo.,t\'cks, gilt edge. 

#3.50 

ROPER. —Hand-Book of the Locomotive; 

IncUuling the Construction of Engines and Boilers, and the Construc- 
tion, Management, and Running of Locomotives. By Stephen 
Roper, Eleventh edition. i8mo., tucks, gilt edge . #2.50 

ROPER,— Hand-Book of Modern Steam Fire-Engines. 

With illusinitions. By wStephkn Roper, Engineer. Fourth edition, 
l2mo., tucks, gilt edge ....... #3.50 

ROPER.— Questions and Answers for Engineers. 

This little book contains all the Questions that Engineers will be 
asked when undergoing an ^Examination for the purpose of procuring 
LicenieH, and they are so plain that any Engineer or Fireman of or 
dinary intelligence may commit them to memory in a short time, By 
Stephen Roper, P'ngineer. Third edition . , . $2,00 

ROPER.— Use and Abuse of the Steam Boiler. 

By Stephen Roper, Engineer. Eighth edition, with iBuitmtions. 

1 8mo., tucks, gilt edge * |a,oo 

ROSE.— The Compfete Practical Machinist t 
Embracing Lathe Work, Vise Work, Drills and Drillmg, Taps and 
Dies, Hardening and Tempering, the Making and Use of Tools 
'fool Grinding, Marking out Work, Machine Took, etc. By JosHM 
Hoke. 395; Engravings. Nineteenth Edition, greatly Enlarged with 
New ana Valuable Matter. i2mo., 504 pages. ’ . I52.50 

ROSE.— Mechanical Drawing Self-Taught: 

(kimprising InKtructions in the Selection ami Preparation of Drawing 
instruments, Elementary Instruction in Practical Mechanical Draw- 
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ing, together with Examples in Simple (geometry and Elementary 
Mechanism, including Screw Threads, Gear Wheels, Mechanical 
Motions, Engines and Boilers. By Joshua Rose, M. E. Illustrated 
by 330 engravings. 8 vo., 313 pages . * . . ^4.00 

ROSE.—The Slide-Valve Practically Explained ; 

Embracing simple and complete Practical Demonstrations of tE 
operation of each element in a Slide-valve Movement, and illustrat*' 
ing the effects of Variations in their Proportions by examples care- 
fully selected from the most recent and successful practice. By 
Joshua Rose, M. E. Illustrated by 35 engravings . $t.oo 

ROSS.— The Blowpipe in Chemistry, Mineralogy and Geology; 
Containing all Known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By. Likut,- 
ConoNKL W. A. Ross, R. A., F. G. S, With 120 Illustrations. 

I2mO j2iOO 

SHAW.— Civil Architecture ; 

Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the Art. By Edward Shaw, 
Architect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silloway and Georcse M. Harding, Architects, 
The whole illustrated by 102 quarto plates finely engraved on copper. 
Eleventh edition. 4to ;^6.oo 

SHUNK. — A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 

By W. F. Shunk, C. E. l2mo, P’uU bound pocket-book form #2.00 
SLATER.— The Manual of Colors and Dye Wares. 

By J. W. Slater. i2mo 

SLOAN. — American Houses ; 

A variety of Original Desirpas for Rural Buildings. Illustrated by 
26 colored engravings, with descriptive references. By Samuix 
Sloan, Architect. 8vo. ‘ , ,75 

SLOAN. — Homestead Architecture : 

Containltig Forty Designs for Villas, Cottages, and Farm-houses, with 
Ei'says on Style, Construction, Landscape Gardening, Furniture, etc., 
etc. illustrated by upwards of 200 engravings. By Samufx Sloan, 
Architect. 8vo. #2,50 

BLOANE,— Hoc?© Experiments in Science. 

By T. O’Conor Slc^ne, E. M., a. M., Ph, D. Illustrated by 91 

engravings. i2mo . ” |too 

SMEATON.— Builder’s PocktSCompanion t 
' Containing the Elements of Building, ‘^uneying, and Architecture; 
with Practical Rules and Instructions coimected with the subject. 
By A. C. Smeaton, Civil Engineer, etc. i2mo. 

SMITH.— A Manual of Political Economy. 

By E. Feshine Smith. A New Edition, to which Is added a Ml 
Index, i2mo, . » . , . . |l>aS 
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SMlTH.-»Parks and Pleasure-Grounds: 

Or Practical Notes Country Residences, Villas, PulJlic Parks, and 
Gardens. By Cuarlks IL J. Smith, Landscape Gardener and 
(krden Architeci', etc., etc. 121110. .... $ 2 ,OQk 

3 MITH.-»“The Dyer’s Instructor: 

Comprisini^ Practical Inst»*uctionR in tlie Art of Dyeing Silk, Cotton^ 
Wool, and Worsietl, and Wtiolen (ioods; containing nearly Sooi 
Receipts. To which is added a Treatise on the Art of Padding; an(J| 
the Printing of Silk Warps, Skeins, and Handkerchiefs, and the) 
vuriou.s Mordants and Colons for the diirereut styles of such workj 
By David Smith, Pattern Dyer. 121110. . . . $i.Sof 

SMYTH. — A Rudimentary Treatise on Coal and Coal-Mining. 
By Warrinhton W. Smyth, M, A., F. R. G,, President R. G. S,i 
of Cornwall. Fifth edition, revised and corrected. ■ With numer- 
ous ill list rations. i2mo, $1*40 

8NIVELY.— Tables for Systematic Qualitative Chemical Anal- 
ysis. 

By John H. Sniveia, Phr. D, 8vo. .... 
SNIVELY. -The Elements of Systematic Qualitative iv..hcmical 
Analysis : 

A Hand-book for Beginners. By John H. Snivkly, Phr. D. l6mo. 

# 2.00 

STOKES.— The Cabinet-Maker and Upholsterer’s Companion » 

Comprising the Art of Drawing, ns applicable to Cabinet Work; 
Veneering, Inlaying, and Buhl-Work; the Art of Dyeing and Stain 
ing Wood, Ivory, Bone, Tortoise-Shell, etc, Directions for Lacker- 
ing, Japanning, and Vanishing; to make French Polish, Glues, 
Cements, and Compos’ rt.s; with numerous Receipts, mseful to work 
men generally. B^’ Stokes. Illustrated. A New Edition, with 
an Appendix upoi ,euch Polishing, Staining, Imitating, Varnishing, 
etc., etc, i2mo #1,25 

STRENGTH AND OTHER PROPERTIES OF METALS; 
Reports of KxpermitMits on the Strength and other Proi)ertieH of 
Metals for Cannon. With u Description of the Machines for Te.stiiig 
Metals, and of the ClaHsification of Cannon in service, By Ofticerf 
of the Ordnance Department, U. S, Army. , By authority of the Secre- 
tary of War, Illustrated by 25 large steel plates. Quarto. #5.00 
Sullivan*— P rotection to Native Induatry. 

By Sir Edward Buddivan, Baronet, author of “ Ten Chapters on 

Social Reforms.’* Svo $hOO 

SHERRATT.— The Elements of Hand-Railing: 
vSimplified and P^xplained in Concise Problems that are Easily Under- 
slootl, The whole illustrated with Thirty-eight Accurate and Origi- 
nal Plates, Founded on Geometneal Principles, and Showing how to 
Make Kail Wnhout Centre Joints, Making Better Rail of the Same 
Material with Half the Labor, and Showing How to Lay Out Stairs 
ol all Kindn, By R, J. SherrA'IT. P'olio, . , , $2.50 
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SYME. —Outlines of an Industrial Science. 

By David Syme. I2m(x . . * . . lao« 

TABLES SHOWING THE WEIGHT OF ROUNl). 
SQUARE, AND FLAT BAR IRON, STEEL, ETC,, 

By Measurement. Cloth 

THALLNER.— Tool-Steel : 

A Concise lIaiuil)ook on ToohSteel in General Its Treatment In 
the Operations of Forging, Annealing, Hardening, Tempering, etc., 
and the Appliances Therefor. By Om) Tjiaelner, Manager in 
Chief of the Tool-Steel Works, Bismarck hUtte, Germany, From the 
German by WiLtiAH T. Brannt. Illustrated by 69 engravings. 

194 pages. 8vo. 1902 |2.oo 

TEMPLETON,— The Practical Examinator on Steam and thd 
Steam-Engine: 

With Instructive References relative thereto, arranged for the Use of 
Engineers, Students, and others. By William Templeton, Em 

gineer. i2mo jfi.oo 

THAUSING.— The Theory and Practice of the Preparation of 
Malt and the Fabrication of Beer : 

With especial reference to the Vienna Process of Brewing, Elab- 
orated from pensonal experience by Julius E, Thausing, Professor 
at the School for Brewers, and at the Agricultural Institute, Mddling, 
near Vienna. Translated from the German by William T, Brannt, 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. Schwarx 
and Dr. A, H. Bauer. Illustrated by 140 Engravings. 8vo., 81^ 

1 10.00 

THOMPSON,— Political Economy. With Especial Reference 

to the Industrial History of Nations : 

By Robert E. Thompson, M. A., Professor of Social Science in the 

University of Pennsylvania. lamo i| 1*0 

THOMSON— Freight Charges Calculator? 

By Andrew Thomson, Freight Agent 24mo. • . |L2 c 

TURNER’S (THE) COMPANION: 

Containing Instructions in Concentric, Elliptic, and Eccentric Turn* 
ing; also various Plates of Chucks, Tools, and Instruments: and 
Directions for using the Eccentric Cutter, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working them, 
i2mo. *••••««•*, JiitOO 
TURI^INQ: Specimens of Fancy Turning Executed on the 
Hand or Foot-Lathe : 

With Geometric, Oval, and Eccentric Chucks, and Eliiptifal Cuttine 
frame. By an Amateur. Illustrated by 30 exquisite PhotoerapL. 
(sLce.) 
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rAILE.-Galvanized-Iron Cornice- Worker’s Manual: 

Containing Insiruclions in Laying out the Dift'erent Mitres, and 
Making Patterns for all kinds of Plain and Circular Work. Also, 
’lahlesof Weights, Areas and Circumferences of Circles, and other 
Matter calculated to Benefit the Tra<le. By Charles A, Vaile. 

Illustrated by twenty-one plates. 4to (Scarce. ) 

VILLE,— On Artificial Manures : 

Their Chemical Selection and Scientific Application to Agriculture. 
A serie.s of Lectures given at the Experimental Farm at Vincennes, 
during 1867 and 1874-75* % M. Georges Ville. Translated and 
Pklited by Wn.tiAM Crookes, F. R. S. Illustrated by thirty-one 

engraviiii'.s, 8vo., 450 pages |6.oo 

VILLE.—The School of Chemical Manures ; 

Or, Elementary Principles in the Use of Fertilizing Agents. From 
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations, umo. . . . . " #1.25 

VOQDES.— The Architect’s and Builder’s Pocket- Companion 
and Price- Book ; 

(’onsisting of a Shoit but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Table.s of United States 
Measures, Sizes, Weights, Strengths, etc., of Iron, Wood, Stone, 
Brick, Cement and Concretes, Quantities of Materials in given Sizes 
and Dimensions of Wood, Brick and Stone; and full and complete 
Bills of Prices foi ('aipemer’s Work and I^ainting; also, Rules for 
Computing and Valuing Brick an<l Brick Work, Stone Work, Paint- 
ing, Plastering, with a Vocabulary of Technical Terms, etc, By 
Frank W. Vogdks, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 368 pages, full-bound, pocket-book 

form, gilt edges |2.oo 

Cloth . . 1.5<I 

VAN CLEVB — The English and American Mechanics 
(!umj)risiiig a Collection of Over Three Thousand Receipts, Rules, 
and Tallies, designed for the Use of every Mechanic and Manufac- 
turer, By B. Frank Van Clevb. Illustrated. 500 pp. i2mo, |t2.o<i 

VAN DER BURG.--School of Painting for the Imitation of 

Woods and Marbles: 

A Complete, Practical Treatise on the Art and Craft of Graining and 
Marbling with the Tools and Appliances, 36 plates. Folio, 12x20 
inches • #10,00 

WAHHSCEAFFE.—A Guide to the Scientific Examinatloii 
of Soils I 

Comprising Select Methods of Mechanical and Chemical Aaialysii 
and Physical Investigation. Translated from the Geitnan of Dr. F< 
Wahnbchaefe. With additions by William T. Brannt. Illus- 
trated by 25 engravings* i2mo. 177 pages • . * #1,30 

IVALTOMi— Coal-Mining Described and Illustrated 1 
By Thomas H, Walton, Mining p]nglneer. Illustrated by 24 laigB 
and elaborate Plates, after Actual Workings and Apparatus, 
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WARE.-^The Su^ar Beet. 

Including a History of the Beet wSugar Industry in Europe, Vaiieti^ 
of the Sugar Beet, Examination, Soils, Tillage, Seeds and Sowing, 
Yield and Cost of Chiltivation, Harvesting, 'rranspf)rtation, Conserv^ 
tion, Feeding Qualities of the Beet and of the Ihilp, etc. By l.KWn 
S. Wark, C. E., M. E. IlluHtrated hy ninety engnivings. 8vo. - 

WARN. —The Sheet-Metal Worker’s Instructor: 

For Zinc. Sheet- Iron, Copper, and Tin-Rlate Workers, etc. Contain- 
ing a selection of Geometrical ProMems; also, Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of the above Trades. By Reuben IE Warn,, Practical 
Tin-Plate Worker. To which is added an Appendix, containing 
Instructions for Boiler-Making, Mensuration of SuiTaces and Solids^ 
Rules for Calculating the Weights of diflerent Eigures of Iron and 
Steel, Tables of the Weights of Iron, Steel, etc. Illustrated by thirty^ 
two Plates and dnrty-seven Wood Engravings. 8vo. . $^.oo 

WARNER.— New Theorems, Tables, and Diagrams, for tht 
Computation of Earth-work : 


Designed for the use of Engineers in Preliminary and Final Esiimaiea 
of Students in Engineering, and of Coniracions and other iion-profes* 
sional Computers. In two parts, with an Appendix. Part 1. A Prac- 
tical Treatise; Part IE A Theoretical Treatise, and the Appendix 
Containing Notes to the Rules and Examples of Part E; Exiilaim 
. lions of the Construction of Scales, Tables, and Diagrams, and i 
Treatise upon Equivalent Square Bases and Equivalent Ecvel Heights 
By John Warner, A. M., Mining and Mechanicul Engineer lllus. 
i ‘ated by 14 Plates. Hvo 

WILSON.— Carpentry and Joinery : 

By John Wilson, Lecturer on Building Construction, Carpentry and 
Joinery, etc*, in the Manchester Technical School* Third Edition, 
with 65 fhll-page plates, in flexible cover, oblong. . .(Scarce.) 

WATSON. — A Manual of the Hand.Lathe ; 

Comprising Concise Directions for Working Metals of all kinds, 
Ivdry, Bone, and Precious Woods ; Dyeing, Coloring, and French 
1 dishing; Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense. By 
Ecbew; P. Watson, Author of <*The Modern Practice of American 
Machinists and Engineers.’*' Illustrated by 78 engravings, ^1,50 

WAXSON.— The Modem Practice of American Machinists 

and Engineers : 


Including the Construction, Application, and Use of Drills, Lathe 
l^ools, Cutters for Boring Cylinders, and Hollow-work generally, with 
the most Economical Speed for the .same ; the Results verified by 
Actual Practice at the lathe, the Vise, and on the floor. Togethei 



29 


HENRY CARl^Y BAIRD ik COAS CATALOGUE. 


with Workshop Mana|rement, Economy of Manufacture, the Steam' 
Engine, Boilers, ( icurs, Belting, etc., etc. . By EtJUKRT P. Watson. 

I lluslmtcd by eighty-six engravings, i2mo. . . . &2X0 

WATT.-The Art of Soap Making ; 

A Practical I laud- Book of the Manufacture of Hard and Soft Soaps, 
Toilet Stiaps, etc. Fifth Eilition, Revised, to which is added an 
Appendix on Modern Candle Making. By Arexaniikr Watt. 

111. 121110. $z .00 

WEATHEELY.^/rreatise on the Art of Boiling Sugar, Crys- 
tallizing, Lozenge-making, Comfits, Gum Goods, 

And other processes for Confectionery, including Methods for Manu- 
facturing every Description of Raw and Refined Sugar (lood.s, A 
New and Ihilarged hklition, with an Appendix on Cocoa, Chocolate, 
Chocolate (kmfections, etc. 196 pages, i2mo. (1903) * $i,$o 

WILL.— Tables of Qualitative Chemical Analysis ; 

Willi an Introductory Chapter on the Ckiurse of Amdysis. By Pro- 
fessor llEtNRlcn Wiu,, of Giessen, Germany. 'Hiird American, 
from the eleventh German edition. Edited by Charles F» Himes, 
I’ll, D,, Professor of Natural Science, Dickinson (College, Carlisle, 

Pa. 8vo . \ #1.50 

WILLIAMS.— On Heat and Steam : 

Embracing New Views of Vaiiorizaiion, Condemsation and Explo- 
sion. By CuARi.Ks Wyk Williams, A. 1 . C. E. Illustrated. 8vo. 

#2.50 

WILSON. — First Principles of Political Economy: 

With Reference to Statesmanship and the I’rogress of Civilkation. 
By l’rufe.Msor W. D. Wilson, of the Cornell University. A new and 
revised edition, 12010. ^51.50 

WILSON,— The Practical Tool-Maker and Designer: 


A Treatise upon the Designing of'PooLs and Fixtures for Machine 
Took and Metal Working Machinery, (.Comprising Modern Kxamides 
of Machine-s with Fundamental I)e.sigiiH for Tools for the Actual Pro- 
duction of the work; Together with Special Reference to a Set of 
Tools for Machining the Various Parts of a Bicycle. Illustrated by 
189 engravings. 1898 |!2*5o 

.^CONTENTS : Introdueiory. Chapter I , Modern Tool Room and Equipment. 
LL I heir Umo and Abuse. Ilf. Stool and Ttsmporing. IV. Making Jigs. 
V. MlUfngMiiehln^ HxUiMi. VL Tcadaand HxtuwMfor Sa-owMadilnes. v!l. 
Broaching. VI I t . Punchni and I has for Cutting and Drop ProBi. IX. Took for 


ttofbw.'^ata. X. F,iiibo««lnK; Metal, cTota7'anti"StampV(l" Khett-'MeurOrMa’ 
meat#. XI. X w 


,-'*''1,' a.'iwww fci»iunn ur j,’ BiTui^S .* Cuppltlff 

UttInr,Kti<n)mwiiK; Hreakltifr Down Shell., XU I. Annoaliag, Plckfluf.aiid 
(,l«aiilii|r, X V. Tooi»l<ir DmwItenoh. XV. CMtllny and A««cmliling Piece. 
IwMeM.tifKatcietDWIlate.^ XVI. ThnHeader. XVtt. 

1 00 # for Fa* Lathe. X VIIl. We,ilcm, for a Set of Tool, tor MaclilnteK the 
Yffh"* <'f «■ Hlcycle. XrX.^'he Water’s Dynamo. XX. Conclu.hiii- 
WllU a Few Random Idea*. Appendix. Index. 


WOODS.—Compound Locomotives: 

By Arthur Tannatp W oods. Second edi tlon, revised and enlarged 
by David Lkc>kard Barnes, A. M., C. E. 8vo. 330 pp. S3. 00 
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WOHLER."— -A Hand-Book of Mineral Analysis : 

By F. WdHLEK, Brofessor of Chemistry in the Universit)r of Gdttin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Renssalaer Polytechnic Institute, -Troy, New York, Illustrated. 
i2mo. ^2.50 

WORSSAM.— On Mechanical Saws: 

From the Transactions of the Society of Engineers, 1869, By S. W. 
WoRSSAM, Jr. Illustrated by eighteen large plates. 8vo. jli.SO 


RECENT ADDITIONS. 

BRANNT.— Varnishes, Lacquers, Printing Inks and Sealing- 
Waxes : 

Their Raw Materials and their Manufacture, to which is added the 
Art of Varnishing and Lacquering, including the Preparation of Put- 
ties and of Stains for Wood, Ivory, Bone, liorn, and Leather. By 
William T. Brannt. Illustrated by 39 Engravings, 338 pages. 

i2tno. . . 

BRANNT — The Practical Scourer and Garment Dyer: 
Compri.sing Dry or Cliemical Cleaning; the Art of Removing Stains ; 
Fine VVashing ; Bleaching and Dyeing 0^ Straw Hats, Gloves, and 
Feathers of all kinds; Dyeing of Worn Clothes of all fabrics, in- 
cluding Mixed Goods, by One Dip; and the Manufacture of Soaps 
and Fluids for Cleansing Purposes. Edited by William T, Brannt, 
Editor of *‘The Techno-Chemical Receipt Book.”* Illustrated. 
203 pages. i2mo. ....... $2.00 

BRANNT. — Petroleuin, 

Its History, Origin, Occurrence, Production, Physlcd and Chemical 
Constitution, Teclmology, Examination and Usesi Together with 
the Occurrenee and Uses of Natural Gas. Edited chlely from the 
German of Prof. Hahs Hoefer and Dr. Alexander Yeito, by Wm. 
T. Brannt# Illustrated by 3 Plates and 284 Engravings. 743 pp. 

17.50 

BRANNT. — A Practical Treatise on the Manufacture of Vine## 
gar and Acetates, Cider, and Fruit- Wines ; 

Preservation of Fruits and Vegetables by Canning and Evaporation; 
Preparation of Fruit- Butters, Jellie.s, Marmalades, Catchups, Pickles, 
Mll^tards, etc. Edited from various sources. By WiLLUM T. 
Brannt. Illustrated by 79 Engravings, 479 pp. 8vo. #5.00 

BRANNT,— The Metal Worker’s Handy-Book of Receipts 
and Processes : 

Being a Collection of Chemical Formulas and Practical Manipula» 
tions for the working of all Metals ; including the Decoration and 
Beautifying of Articles Manufactured therefrom, as well as their 
Preservation, Edited from various sources, By WlLtlAM T. 
Brannt. Illustrated. lamo. , |2,5o 
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DiEITE, — A Practical Treatise on the Manufacture of Per- 
fumery : 

Comprising directions for malcinpj all Kinds of Perfumes, Sachet 
Powders, Fumigatinir Materials, Dentifrices, Cosmetics, etc., w?.tli a 
full account of tile Volatile Oils, Balsams, Resins, and other Natural 
and Artificial Perfume-substances, includinj^ the Manufacture of 
Fruit Ethers, and tests of their purity. By Dr. C. Dkite. assisted 
by L. Borciikr:% F. Eicuit.\iTM, E. Kuglkr, II. ToEFirRER, and 
other experts. From the German, by Wm. T. Brannt. 28 Engrav- 
mgd. 358 pages. 8vo. * I3.00 

WARDS. —American Marine Engineer, Theoretical and 
Practical : 

Witli Examples of the latest and most approved American Practice, 
By Emory Edwards. 85 illustrations. i2mo. . . I2.50 

EDWARDS.— 900 Examination Questions and Answers; 

For Engineers and Firemen (Land and Marine) who desire t« ob- 
tain a United States Government or State License. Pocket-book 

form, gilt edge #1,50 

FLEMMING.— Practical Tanning; 

A Handbook of Modern Processes, Receipts, and Suggestions for the 
Treatment of Hides, Skins, and Pelts of Every Description. By 
Lewis A. Flemming. American Tanner. 472 pp. 8vo. (1903) $4.00. 

POSSELT. — The Jacquard Machine Analysed and Explained! 

With an Appendix on the Preparation of Jacquard Cards, and 
Practical Hmis to Learners of Jacquard Designing. By E. A. 
PossFXT. With 230 illu.strations and numerous diagrams. 127 pp. 

4to. I 3 .OO 

POSSELT, — Recent Improvements in Textile Machinery, 
Part in ; 

Processes Required for Converting Wool, Cotton, Silk, from Fibre 
to Finished Fabric, (k)vering both Woven and Knit Good.s ; Con- 
struction .of the nio.Ht Modern Improvements in Preparatory Machin- 
ery, Curding, Cbinbing, Drawing, and Spinning Machinery, Winding, 
Warping, Slasliing Machinery Ixmms, Machinery for Knit Goods, 
Dye Stuffs, Chemicals, Soap.s, Latest Improved Accessorie.H Relat- 
ing to (Construction and Equipmcml of Mo<lern Textile Manufactur- 
ing Plant.s. By F.. A. Pokhklt. GompleteP" Illustrated. 4to, 

# 7*50 

RICH.— Artistic Horse-Shoeing: 

A Practical and Scientific Treatise, giving Improved Methods of 
Shoeing, with Special Directions for Shaping Shoes to Cure Different 
Diseases of the Foot, and for the Correction of Faulty Action in 
Trotters. By George E. 62 llhiatratteni. 153 pages. 

mmi% . . * . II.OO 
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RICHARDSON. --Practical Bkcksmithing i 
A Collection of Articles Contributed at Different Times by Skilled 
Workmen to the columns of “ The Blacksmith and Wheelwright/' 
and Covering nearly the Whole Range of Blacksmithing, from the 
Simplest- Job of Work to some of the Most Complex Forgings, 
Compiled and Edited by M. T. Richardson. 

VoL I. 210 Illustrations. 224 pages, i2nio. • « |loo 

Vol II; 230 Illustrutions, 262 pagesi i2mo, • • |i.oo 

Vol. in. 390 Illustrations. 307 pages. i2mo, , , Jl.oo 

VoL IV, 226 Illustrations. 270 pages. i2mo. , , $i,oo 

RICHARDSON;—The Practical Horseshocrs 
Being a Collection of Articles on Horseshoeing in all its Branch©^ 
which have appeared from time to time in the columns of ** 1 he 
Blacksmith and Wheelwright,” etc, •Compiled and edited by M. iV 

Richardson. 174 illustrations |i.oo 

ROPER.— Instructions and Suggestions for Engineers and 
Firemen : 

By Stephen Roper, Engineer. i8mo. Morocco . |>2.oo 

ROPER.— The Steam Boiler; Its Care and Management* 

By wStephen Roper, Engineer. i2mo., tuck, gilt edges, ^2.00 
ROPER. — The Young Engineer’s Own Books 
Containing an Explanation of the Principle and Theories on which 
the Steam Engine as a Ihime Mover is Based. By Stephen R0PIR4 
Engineer. illustrations, 363 pages. i8mo., tuck . I2.50 

ROSE.— Modern Steam- Engines* 

An Elementary Treatise upon the Steam-Enrine, written in Plain 
language ; for Use in the Workshop as well as m the Drawing Office, 
Giving Full Explanation! of the Construction of Modern Steam* 
Engines : Including Diagrams showing their Actual operation. To- 
gether with Complete but Simple Explanations of the operations of 
Various Kinds of Valves, Valve Motions, and Link Motions, ©tc.» 
thereby Enabling the Ordinary Engineer to clearly Understand the 
Principles Involved in their Cfonstmctlon and Use, and to Plot out 
their Movements upon the Drawing Board, By Joshua Rose, M. E* 
Illustrated by 422 engravings. Revised. 358 pp. , . |6.oo 

ROSE.-^Steam Boilers; 

A Practical Treatise on Boiler Construction and Examf ttadon, for the 
Use of Practical Boiler Makers, Boiler Users, and laspectorsi and 
embracinjg in plain figures all the calculations nece&«*y In Deiigning 
or Classi^ng Steam Boilers. By Joshua Rose, M. B. Illustrated 

by 73 engravings. 250 pages. Svo |2.i;o 

SCHRIBBR.— The Complete Carria^ and Wagon Fainter* 

A Concise Compendium of the Ait of Fainting CarriageSi Wagons, 
and Sleighs, embracing Full Directions in all the Various Blanches, 
including Lettering, Scrolling, Omamenting, Striping, Varnishing, 
and Coloring, with numerous Recipes for Miadng Cowl. 73 Illus- 
trations* 177 PP- ismo. , . . . . . $tm 
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